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1.0 Introduction 
 
The objective of this vapor intrusion (VI) investigation was to collect the data needed to evaluate 
the potential for VI human-health risks from the U.S. Department of Energy (DOE) Areas of the 
Laboratory for Energy-Related Health Research (LEHR) Site. A preliminary VI evaluation had 
been conducted for the first Five-Year Review (FYR) using soil analytic results for the DOE 
Areas (DOE 2016). That first FYR concluded that a protectiveness determination for this 
exposure pathway could not be made without (1) further evaluation of existing data, and (2) if 
needed, the collection and evaluation of soil gas data from certain locations within the DOE 
Areas. Therefore, a Vapor Intrusion Evaluation Work Plan (VI Work Plan) (DOE 2017) was 
prepared; this work plan presented (1) the results of the evaluation of existing soil data, and 
(2) the scope of work for collecting the additional soil gas data determined to be needed for 
VI evaluation. This report presents the result of this data collection and provides an evaluation of 
VI human-health risks and remedy protectiveness for this pathway. This report has been revised 
from the Draft version submitted in January 2018 to address regulatory agency comments 
(Appendix A). 
 
1.1 Site Description 
 
LEHR is a former research facility that DOE operated at the University of California–Davis 
(UC Davis). The LEHR Federal Facility is defined in a Federal Facility Agreement (FFA) 
signed in 1999 by DOE and the U.S. Environmental Protection Agency (EPA). The California 
Department of Public Health (formerly the California Department of Health Services) and the 
California Regional Water Quality Control Board (CRWQCB), Central Valley Region, joined as 
signatories in 1999, and the California Department of Toxic Substances Control (DTSC) joined 
in 2000. The LEHR Federal Facility comprises the land and improvements within the former 
LEHR Facility boundary shown in Figure 1 and defined in the Record of Decision (ROD) as 
including: 

• All LEHR buildings. 

• The Cobalt-60 Irradiation Field. 

• The Radium/Strontium (Ra/Sr) Treatment Systems area. 

• Seven septic tanks (including leach fields and dry wells). 

• The Southwest Trenches (SWTs) area. 

• The Western Dog Pens (WDPs) area. 

• The Eastern Dog Pens (EDPs) area. 

• The DOE Disposal Box area. 

• Areas where contamination originating from the areas listed above has come to be located, 
excluding areas assigned to UC Davis, by a Memorandum of Agreement (MOA) between 
the Regents of the University of California (Regents) and DOE (DOE 2009a). 
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1.2 Applicable Terminology 
 
The following terminology is used in this document to refer to various areas of the site: 

• LEHR Site: As defined in the Federal Facility Agreement, the area referred to on the 
National Priorities List (NPL) as the “LEHR/Old Campus Landfill.” 

• DOE Areas: Those portions of the LEHR Site (defined in Section 1.1) with remedies 
defined in the ROD (DOE 2009b) and listed in Table 1. These include the SWTs area, the 
Ra/Sr Treatment Systems area, Domestic Septic Systems (DSSs) 1–7 areas, Dry Wells A–E 
(associated with the DSS, but broken out as a separate area for remediation), the DOE 
Disposal Box, the WDPs area, and the EDPs area (Figure 2). 

• UC Davis Areas: Portions of the LEHR Site that include Landfill Disposal Units 1, 2, 
and 3; the 49 waste burial holes; the eastern and southern disposal trenches; and 
groundwater impacted by UC Davis’ activities (Figure 2). 

 
1.3 Location  
 
The LEHR Site is located immediately east of Old Davis Road, about 2500 feet south of 
U.S. Interstate 80 in Solano County, California, in the southeast quarter of Section 21, 
Township 8 North, Range 2 East, Mount Diablo Base and Meridian (Figure 1). The site is in 
the southern portion of Solano County Assessor’s Parcel No. 110-05-04. It is in the southeast 
portion (South Campus Area) of the UC Davis campus, approximately 1.8 miles south of the 
city of Davis. 
 

Table 1. Selected Remedies for Each LEHR Site DOE Area 
 

DOE Area 
No Action/ 
No Further 

Actiona 

Long-Term Groundwater 
Monitoring/Contingency 

Remediation 

Land-Use Restrictions 
Soil 

Management 
Plan 

No 
Residential 

Use 
Ra/Sr Treatment Systems 
(includes DSS 2)     

DSS 1     

DSS 3     

DSS 4     

DSS 5     

DSS 6     

DSS 7     

DOE Disposal Box      

Dry Wells A–E     

EDPs     

SWTs     

WDPs     
Note: 
a A checkmark in this column means the area is suitable for unlimited use and unrestricted exposure. 
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1.4 Operational History 
 
The U.S. Atomic Energy Commission first sponsored radiological studies on laboratory animals 
at UC Davis in the early 1950s. Initially on the main campus, LEHR was moved to its present 
location in 1958 (Figure 1). Research at LEHR through the late 1980s was focused on health 
effects from chronic exposure to radionuclides, primarily strontium-90 (90Sr) and radium-226 
(226Ra), using beagles as research subjects. Other related research was conducted at the LEHR 
Site concurrent with these long-term studies. In the early 1970s, a cobalt-60 irradiator facility 
was constructed at the LEHR Site to study the effects of chronic exposure to gamma radiation on 
humans, again using beagles. 
 
The LEHR Site includes a campus landfill with three waste burial units used from the 1940s until 
the mid-1960s; these are the “land disposal units” shown in Figure 2. Separately, several 
low-level radioactive-waste burial areas were also used at the site. Campus and LEHR research 
waste was buried in these areas until 1974 in accordance with regulations in effect at the time. 
The principal environmental threats posed by contaminant releases associated with LEHR 
activities have been mitigated during several removal actions conducted at the site since 1996. 
 
All DOE-funded research activities at LEHR ceased by 1988. In that year, pursuant to the MOA 
between DOE and the Regents (DOE 2009a), DOE’s Office of Energy Research initiated 
activities to close out the research program at LEHR. 
 
1.5 Cleanup History 
 
In May 1994, EPA placed the LEHR/Old Campus Landfill Site on the National Priorities List 
(Superfund Site Identification No. CA2890190000) because contamination at the site was 
considered to pose significant risk to human health and the environment. From 1975 to 2009, 
DOE decontaminated and decommissioned aboveground structures and performed the following 
removal actions: 

• In 1975, removed gravel and curbing from 64 pens in the WDPs area. 

• In 1995, demolished the Imhoff Wastewater Treatment Facility (Figure 2) as a voluntary 
removal action. 

• In 1995–1996, removed concrete pedestals and wooden barrels from the EDP and WDP 
areas and disposed of those materials as low-level radioactive waste at the Hanford Site in 
Richland, Washington (Weiss Associates [Weiss] 1997). 

• In 1997, certified that four buildings associated with the LEHR Federal Facility 
(Animal Hospital No. 1 Building, Animal Hospital No. 2 Building, the Specimen Storage 
Building, and the Cobalt-60 Building) were decommissioned, decontaminated, and 
released for unrestricted use. A notice of certification of the radiological condition of 
the four buildings was published on October 3, 1997, in Volume 62, Federal Register 
pages 51844–51845. The four buildings met the release criteria in effect at that time under 
DOE Order 5400.5, Radiation Protection of the Public and the Environment.  

• In 1996, conducted a time-critical removal action at the DOE Disposal Box area. 

• In 1998, conducted a non-time-critical removal action at the SWTs area. 
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• In 1999–2000, conducted a non-time-critical removal action at the Ra/Sr Treatment Systems 
area. Removal actions also took place at the DSS 2 area (which was associated with the 
Ra/Sr Treatment Systems area), parts of the DSS 1 area, the leach field in the DSS 5 area, 
and parts of the Dry Wells A–E area (Figure 2). 

• In 2001, conducted a non-time-critical removal action in the WDPs area. 

• In 2002, conducted a non-time-critical removal action in the DSS 3 and DSS 6 areas. 

• In 2007, removed and disposed of concrete from the EDPs area. 
 
At the DSS 7 area, human health risks were below 1 in 1 million, and ecological risks were 
insignificant, so no removal action was performed, and no further action was required. 
 
A risk assessment at the DOE Disposal Box area conducted after the completion of the 1996 
removal action in this area (Weiss 2005) showed that no risk to human health, ecological 
receptors, or groundwater quality remained in the area; hence, no further action was required 
in the DOE Disposal Box area. A risk assessment performed after the non-time-critical removal 
actions in the SWTs area; the Ra/Sr Treatment Systems area; the DSS 1, 2, 3, 5, and 6 areas; the 
Dry Wells A–E area; and the WDPs area showed that (1) excess risk to human health from 
contaminants in all these areas (except the SWTs area) was reduced to below 1 in 1 million 
(Weiss 2005), and (2) ecological risks were insignificant after the removal actions (BBL 2006). 
Risks to human health were above 1 in 1 million at the DSS 4 area and EDPs area (Weiss 2005), 
but ecological risks were insignificant (BBL 2006). These risk assessments did not include 
area-specific evaluations of potential risks associated with the VI pathway. 
 
1.6 DOE Areas Risks and Remedial Action Objectives 
 
This section summarizes the remedial action objectives and criteria for identifying constituents 
of potential concern as described in the ROD (DOE 2009b) and as expanded to address vapor 
intrusion in the FYR. 
 
1.6.1 Risks and Objectives Defined in ROD 
 
As defined in the ROD (DOE 2009b), the remedial action objectives for the DOE Areas are: 

• Preventing human contact with contamination in soil that poses an excess cumulative 
cancer risk greater than the upper bound of the range of 1 in 1 million (1 × 10–6) to 1 in 
10,000 (1 × 10–4). Any risk greater than 1 in 1 million requires investigation to determine 
whether remedial action is necessary. 

• Mitigating potential future impacts to groundwater. 

• Minimizing threats to the environment, including but not limited to sensitive and critical 
habitats of species protected under the state and federal endangered species acts. 

• Complying with all applicable or relevant and appropriate requirements. 

• Minimizing impact to UC Davis research activities at the site, as specified in the MOA 
(DOE 2009a) between DOE and the Regents. 
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Constituents of concern for each area were selected based on their presence in soil at levels 
statistically above background and their: 

• Presence at levels that were shown (by multiple lines of evidence) to present human-health 
cancer risks above 1 in 1 million, not including risk associated with vapor intrusion. 

-or- 
• Potential to impact groundwater above background levels.  
 
1.6.2 Vapor Intrusion Conceptual Model 
 
While vapor intrusion was evaluated in the Revised LEHR/SCDS Site-Wide Risk Assessment, 
Volume I: Human Health Risk Assessment (UC Davis 2004), that evaluation did not distinguish 
between DOE Areas and UC Davis Areas, and risks were evaluated using soil gas data from 
selected UC Davis Areas due to the prevalence of volatile organic compounds (VOCs) in those 
areas. In the DOE Areas, vapor-forming constituents detected in unsaturated zone soil are 
considered potential sources for vapor intrusion. Therefore, as described in detail in the VI Work 
Plan (DOE 2017), soil samples collected from the unsaturated zone between 1994 and 2004 in 
the DOE Areas (except for the EDP area, as it is underlain by Landfill Disposal Unit 2 and will 
be remediated along with that unit by UC Davis) define the distribution of potential sources of 
constituents that may present a VI risk. These constituents were detected most frequently and 
at the highest concentrations in samples collected less than 10 feet below ground surface (bgs). 
These constituents may volatilize into soil pores and migrate into indoor or outdoor air, 
potentially presenting an inhalation risk to current and potential future site occupants. 
 
On the basis of EPA guidance and project-specific comments (EPA 2015a; 2015b), the VI Work 
Plan identified 47 constituents detected in soil samples with physical properties that may pose 
a VI risk in the DOE Areas (DOE 2017), referred to herein as vapor-forming constituents of 
potential concern (VFCOPCs). As shown in Table 2, these include 24 constituents defined as 
VOCs, 10 semivolatile organic compounds (SVOCs), eight organochloride pesticides, two 
polychlorinated biphenyls (PCBs), two aldehydes, and ammonia. On the basis of this analysis, it 
was determined that there was a potential VI concern within the DOE Areas and that sampling 
was required to determine whether these conditions present risks that would impact the 
protectiveness of the remedy. As described in the VI Work Plan (DOE 2017), the lower of the 
EPA Vapor Intrusion Screening Level (VISL) Calculator (EPA 2016) value or DTSC 
Screening-Level Model for Soil Gas Contamination (DTSC 2014) value under a residential 
exposure scenario was used as an initial screening level (SL) for evaluating soil gas data. These 
VI Work Plan SLs are shown in the middle column of Table 2. 
 
These SLs were approved by the regulatory agencies as part of the VI Work Plan (DOE 2017); 
however, in a March 5, 2018, comment (Appendix A), DTSC requested that SLs based on the 
latest DTSC toxicity factors (DTSC 2018) and using the EPA 0.03 subslab/soil gas to indoor air 
default attenuation factor also be considered in cases where these values are lower than those 
from the VI Work Plan. These values have been added in the third column of Table 2. The 
impact of using these lower SLs on the evaluation of risk is presented by analyte group in 
Section 4.2. 
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Table 2. VFCOPCs for DOE Areas at LEHR and Risk-Based Screening Levels 
 

Analyte Group VI Work Plan Soil Gas 
SLa (µg/m3) 

Modified DTSC SL if Lowerb 
(µg/m3) 

Volatile Organic Compounds (VOCs) 
1,1-Dichloroethene 7.0E+03 2.4E+03 

1,2,4-Trichlorobenzene 7.0E+01 1.3E+01 

1,2-Dichloroethane 3.6E+00  - 

1,3-Dichlorobenzene 1.0E+05  - 

1,4-Dichlorobenzene 8.5E+00  - 

2-Butanone (methyl ethyl ketone) 1.7E+05  - 

4-Methyl-2-pentanone (methyl 
isobutyl ketone) 1.0E+05  - 

Acetone 1.1E+06  - 

Benzene 1.2E+01 3.2E+00 

Bromodichloromethane 2.5E+00  - 

Bromomethane 1.7E+02  - 

Chlorobenzene 1.7E+03  - 

Chloroform 4.1E+00  - 

Ethylbenzene 3.7E+01  - 

Isopropylbenzene (cumene) 1.4E+04  - 

Methyl acetate 2.6E+06 1.4E+05 

Methylene chloride 2.0E+03 3.3E+01 

Naphthalene 2.8E+00  - 

Styrene 3.5E+04 3.1E+04 

Tetrachloroethylene 3.6E+02 1.5E+01 

Toluene 1.7E+05 1.0E+04 

Trichloroethene 1.6E+01  - 

Trichlorofluoromethane 6.2E+05 4.3E+05 

Xylenes (total) 3.5E+03  - 

Semivolatile Organic Compounds (SVOCs) 
2-Chlorophenol 1.6E+04 7.0E+02 

2-Methylnaphthalene 1.4E+04 5.7E+02 

Acenaphthene 2.1E+05 8.3E+03 

Benzo[a]anthracene 3.1E-01  - 

Benzo[b]fluoranthene 2.6E+01  - 

Chrysene 3.8E+02  - 

Dibenzofuran 4.0E+03 1.4E+02 

Fluorene 1.6E+05 5.7E+03 

Hexachlorobenzene 2.0E-01  - 

Pyrene 1.6E+05 4.3E+03 
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Analyte Group VI Work Plan Soil Gas 
SLa (µg/m3) 

Modified DTSC SL if Lowerb 
(µg/m3) 

Pesticides 
4,4’-Dichlorodiphenyldichloroethylene 
(DDE) 9.6E-01  - 

alpha-hexachlorocyclohexane 
(alpha-BHC) 1.7E+00  - 

Chlordane 9.4E-01 2.8E-01 

Dieldrin 1.0E+00 2.0E-02 

gamma-BHC (lindane) 9.7E+00  - 

Heptachlor 7.2E-02  - 

Heptachlor epoxide 3.6E-02  - 

Methoxychlor 2.9E+04 7.0E+02 

Polychlorinated Biphenyls (PCBs) 
Aroclor-1254 1.6E-01 - 

Aroclor-1260 1.6E-01 - 

Aldehydes 
Formaldehyde 7.2E+00 - 

Benzaldehyde 2.9E+05 9.3E+01 

Other 
Ammonia 3.5E+03 - 

Notes: 
a Lower of EPA Vapor Intrusion Screening Level Calculator or DTSC Screening-Level Model for Soil Gas 

Contamination values under a residential exposure scenario (see VI Work Plan, DOE 2017). 
b Lowest DTSC-recommended SL for Residential Air (DTSC 2018) divided by 0.03 EPA default attenuation 

factor (EPA 2015a). 
 
Abbreviation: 
µg/m3 = micrograms per cubic meter 
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2.0 Investigation Scope 
 
The sampling and analysis plan for this investigation was designed based on the data quality 
objectives (DQOs) and soil data evaluation presented in the VI Work Plan (DOE 2017). Key 
considerations included: 

• On the basis of their volatility, VOCs are generally expected to present the greatest 
potential VI risk. 

• The soil data for VOCs may be a less reliable indicator of a potential VI risk at a given 
location than soil data for the other vapor-forming contaminant suites. 

• Due to their lower vapor pressures and generally lower Henry’s Law constants (H) and 
higher soil-water partitioning factors (Kd), SVOCs, pesticides/PCBs, and aldehydes are 
less likely to be a VI concern. 

• Because of these characteristics, soil data for these less-volatile constituents are expected 
to be more reliable indicators of potential VI risk than soil data for VOCs. 

 
On the basis of these considerations and the contaminant distribution described in the VI Work 
Plan (DOE 2017), the investigation design that was presented in the VI Work Plan was 
developed and is described below.  
 
2.1 Passive Soil Gas Survey 
 
Before installing and sampling the soil gas wells described in Section 2.2, a passive soil vapor 
(PSV) VOC survey was conducted across the DOE Areas where VOCs were detected in soil. 
As described in the VI Work Plan (DOE 2017), low concentrations of VOCs were detected in 
most soil samples collected throughout the SWTs, DSS 1, DSS 3, DSS 4, DSS 5, DSS 6, Ra/Sr 
Treatment Systems areas, and Dry Wells A–E areas. While VOCs were not identified as 
constituents of potential concern in the WDPs area, imported backfill used in a portion of the 
WDPs area contained trace concentrations of VOCs (DOE 2017). Therefore, PSV samples were 
collected on an approximate 40–50 foot grid spacing (based on California Environmental 
Protection Agency [Cal EPA] 2015) across the SWTs, DSS 3, DSS 4, Ra/Sr Treatment Systems 
areas, Dry Wells A–E, and WDPs imported backfill areas; additionally, one PSV sample was 
collected in each of the DSS 1, DSS 5, and DSS 6 areas (Figure 3). Low Uptake Rate Waterloo 
Membrane Samplers (WMS-LUs) were used for this survey. As described in Section 3.2.1, these 
samplers were installed to collect soil gas from 2.5 to 3 feet bgs, or from 1.5 to 2 feet bgs in a 
few locations. 
 
A total of 42 PSV sample locations were presented in the VI Work Plan (DOE 2017). In the 
field, sample locations in the SWTs area were shifted and a location was added to provide better 
coverage, so a total of 43 PSV sample locations were sampled (Figure 3). Location PSV-39 in 
the WDPs area of imported backfill was moved north several feet to place it at least 20 feet from 
a large valley elderberry bush (to protect this potential habitat for the special-status species 
valley elderberry longhorn beetle, as established in DOE 2001a); location PSV-40 was also 
moved north slightly to maintain a general grid formation. No other changes were made to the 
survey grid presented in the VI Work Plan. 
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As discussed in Sections 2.2 and 4.1.2, the VOC results for the passive soil gas samples were 
used to identify locations with the highest concentration and theoretical risk to target for active 
soil gas VOC sampling, as well as to help define VOC soil vapor distribution and potential risk 
across the DOE Areas. 
 
2.2 Active Soil Gas and Subslab Gas Sampling 
 
The active soil gas well locations (Figure 4) were selected as follows: 

• As described in the VI Work Plan (DOE 2017), locations and depths for soil gas wells for 
analyzing the non-VOC constituents, which include SVOCs, pesticides, PCBs, aldehydes, 
and ammonia, were selected to target the locations with highest potential for VI risk based 
on the evaluation of soil data for these constituents. 

• As described in the VI Work Plan (DOE 2017), locations for soil gas wells for VOC 
analysis were selected to target the areas likely to present the highest VI risk based on the 
passive VOC vapor sampling results. At the request of the regulatory agencies (EPA 2017a; 
DTSC 2017), several locations with low or nondetectable passive VOC vapor sampling 
results were also selected for soil gas (or subslab gas) sampling to provide additional 
confirmation of the reliability of the PSV results. 

 
Table 3 and Figure 4 present the locations, depths, and analytic suites for the soil gas wells and 
subslab points. As outlined in Table 3, 11 soil gas wells were sampled and analyzed for one or 
more of the analytic suites. Seven soil gas wells were sampled and analyzed for VOCs; five soil 
gas wells were sampled and analyzed for pesticides; three soil gas wells were sampled and 
analyzed for SVOCs; two soil gas wells were sampled and analyzed for PCBs; two soil gas wells 
were sampled and analyzed for aldehydes; and one soil gas well was sampled and analyzed 
for ammonia.  
 
The subslab sampling point installations and analyses were performed in the two buildings that 
overlie the DOE Areas: 

• Reproductive Biology Lab (labeled the Clinical Pathology Lab Building, H-215, in 
Figure 2): A subslab vapor pin sampling point was installed inside near the north end of the 
Reproductive Biology Lab and was sampled for VOC and SVOC analysis.  

• Cellular Biology Laboratory Building (H-294): Two subslab vapor pin sampling points 
were installed inside the Cellular Biology Laboratory Building, one in the eastern half of 
the building and the other in the western half. Both these vapor pins were sampled for 
pesticides. 

 
Table 3 also provides the rationale for this sampling plan and describes any additions or 
modifications made following submittal of the VI Work Plan (DOE 2017). As shown, these 
changes include the addition of VOC sampling locations based on the PSV VOC results, 
adjustments to three sample locations based on site access constraints or soil data review, and 
adjustments to sampling intervals in three soil gas wells based on soil lithology observed during 
installation. None of these changes affects achievement of the DQOs for this evaluation. Besides 
the field adjustments to well sampling intervals, these VI Work Plan additions/modifications 
were presented to and approved by the regulatory agencies. Documentation related to the VOC 
active soil gas sampling locations is included in Appendix B. 
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Table 3. Soil Gas Well and Subslab Vapor Pin Locations and Analytic Suitesa 
 

Location ID Location Description 
Depth 
(feet 
bgs)b 

Analytic 
Suite Basis Changes Based on First Phase and Field 

Resultsc 

RASRSG-03 Ra/Sr Treatment Systems 
area – southeast end 5 Pesticides, 

VOCs Heptachlor at 3 feet bgs Added VOC analysis to confirm low passive results, 
per DTSC request 

DSS3SG-02 DSS 3 area – 
northwest end 5 SVOCs, PCBs 

Hexachlorobenzene and Aroclor-1254 at 
8 feet bgs; benzo[a]anthracene at 
4.2 feet bgs in adjacent DSS 4 area soil 

Moved aldehyde analysis from this location to new 
Well DSS3SG-01 based on reevaluation of soil 
formaldehyde data 

SWTSG-01 SWTs area – 
southeast corner 5 Aldehydes, 

PCBs 
Formaldehyde at 3 feet bgs; PCBs at 
2 feet bgs None 

SWTSG-02A SWTs area – 
southwest quadrant 

4.5 SVOCs, 
pesticides, 

VOCs 

Benzo[a]anthracene at 14.5 feet bgs; 
heptachlor at 3 to 17.5 feet bgs; benzene 
above SL in shallow soil gas 

Added VOC analysis based on passive results; 
moved top of sampling interval in -02A from 5 to 
4.5 feet bgs based on observed lithology SWTSG-02B 10 

WDPSG-04 WDPs area – northeast 5 Pesticides Chlordane at surface Moved top of sampling interval from 4 to 5 feet bgs 
based on observed lithology 

WDPSG-03 WDPs area – portion with 
fill from SWTs area 5 Pesticides Chlordane at 0.5 feet and heptachlor in fill 

from SWTs area 
Moved top of sampling interval from 4 to 5 feet bgs 
based on observed lithology 

RASRSG-01 Ra/Sr Treatment Systems 
area – west side 10 Ammonia, 

VOCs Ammonia at 10 feet bgs and greater Added VOC analysis to confirm low passive results, 
per EPA request 

RASRSG-02 Ra/Sr Treatment Systems 
area – west side 5 VOCs 1,2-Dichloroethane above SL in shallow 

soil gas Added based on passive VOC results 

SWTSG-03d SWTs area – near center 5 VOCs Naphthalene above SL in shallow soil gas Added based on passive VOC results 

DSS3SG-01 DSS 3 area – 
southern portion 5 Aldehydes; 

VOCs 
Formaldehyde in several samples at  
12–13 feet bgs 

Added location based on reevaluation of soil 
formaldehyde data; added VOCs to confirm low 
passive results, per EPA request 

WDPSGSS-01 
(Vapor Pin) 

Cellular Biology Laboratory 
Building (H-294) – east half 

Sub-
slabe 

Pesticides Chlordane and heptachlor in WDPs area 
soil samples 

Moved from north half to east half based on 
building use constraints 

WDPSGSS-02 
(Vapor Pin) 

Cellular Biology Laboratory 
Building (H-294) – 

west half 

Sub-
slabe 

Moved from south half to west half based on 
building use constraints 

DSS4SGSS-01 
(Vapor Pin) 

Reproductive Biology Labf – 
northern end 

Sub-
slabe SVOCs; VOCs Benzo[a]anthracene in DSS 4 area soil 

adjacent to the east 

Moved approximately 25 feet west based on 
building use constraints; added VOC analysis to 
confirm low passive results, per EPA request 

Notes: 
a Updated from Table 3 of VI Work Plan (DOE 2017). 
b Depth refers to top of sampling interval (sand pack). 
c First Phase included passive soil gas sampling with VOC analysis and building reconnaissance with chemical inventory. Field results refers to lithologic  
  observations during well installation. 
d This location was used for extraction testing prior to sampling.  
e Vapor pins were installed with the gas inlet within 4 inches below the base of the slab.  
f The Reproductive Biology Lab is also referred to as the Clinical Pathology Lab Building (H-215).





  

 
U.S. Department of Energy  LEHR Vapor Intrusion Evaluation Report 
July 2018  Doc. No. S17913 
 Page 16 

This page intentionally left blank 

 



  

 
U.S. Department of Energy  LEHR Vapor Intrusion Evaluation Report 
July 2018  Doc. No. S17913 
 Page 17 

3.0 Sampling and Analytic Methods 
 

This section presents sampling and analytical methods used for the DOE Areas VI evaluation. 
The sampling and analysis was conducted based on the VI Work Plan (DOE 2017), as well as the 
following guidance documents, as appropriate: 

• The latest California guidance for conducting active soil gas investigations (Cal EPA 2015) 

• The latest EPA guidance for vapor intrusion evaluation (EPA 2015a) 

• The Quality Assurance Project Plan (QAPP) and associated relevant Standard Operating 
Procedures (SOPs) and Standard Quality Procedures (DOE 2012) 

 
3.1 Preparation Tasks 
 
As indicated in Table 1 and shown in Figure 2, the Dry Wells A–E, Ra/Sr Treatment System, 
DSS 3, DSS 4, and SWTs areas are designated as soil management areas subject to the 
requirements of the Soil Management Plan (SMP) (DOE 2010). This SMP applies to all 
soil-disturbing activities below 1 foot bgs and, therefore, applied to both the PSV survey 
(soil disturbance up to 3 feet bgs) and the active soil gas well installation (soil disturbance up to 
11 feet bgs) in the SMP areas. The SMP requires that a permit application detailing the nature 
of the project, the project’s location, and the expected depth of soil disturbance be submitted to 
the UC Davis Environmental Health and Safety (EH&S) Unit and that no work begin until the 
EH&S Unit approves the permit. Therefore, prior to beginning the PSV survey, an SMP soil 
disturbance permit application was submitted and approved by the EH&S Unit (Appendix C). 
All field work was conducted in accordance with the SMP and this permit. 
  
Prior to installing the PSV samplers, subslab vapor pins, and soil gas wells, the sample locations 
were cleared for subsurface utilities based on UC Davis utility maps and by Advanced 
Geological Services, a private utility locator, using geophysical methods. Each sample location 
was staked and surveyed by Muir Consulting, Inc., a licensed land surveyor. 
 
The field work was coordinated with UC Davis to minimize disruption, both to UC Davis 
activities in the area and to DOE sampling activities. Notifications were posted explaining the 
work and requesting that sample collectors not be disturbed. UC Davis suspended irrigation in 
the vicinity prior to and during the sample collection periods.  
 
3.2 Passive Vapor VOC Sampling and Analysis 
 
3.2.1 Sample Collection 
 
The PSV samples were collected from May 22 through June 9, 2017, at the locations shown in 
Figure 3 using the WMS-LU methodology. Except for the four samples in the area of the SWTs 
backfill in the WDPs area, the sampling interval for the WMS-LU was 2.5 to 3 feet bgs. The 
sampling interval for the four samples in the WDPs backfill area was 1.5 to 2 feet bgs, close to 
the base of the backfill in which VOCs were detected.  
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At each sample location, a 1-inch borehole was drilled to the bottom of the target sampling 
interval depth using a roto-hammer drill. A WMS-LU was activated for each sample location by 
removing it from the glass vial used to protect it from exposure to chemicals during shipment. 
The WMS-LU holder was attached to a premeasured length of nylon line, so the membrane 
hung downwards, and was then lowered to the target sample depth of approximately 2.7 feet bgs 
(approximately 1.7 feet bgs for the 2-foot holes). The nylon line was secured at the ground 
surface to hold the sampler at the desired height. An expandable foam plug was installed 
immediately above the WMS-LU, with its bottom depth at 2.5 feet bgs (1.5 feet bgs for the 
2-foot holes).  
 
Three field duplicate samplers were installed in a separate borehole approximately 1 foot from 
the primary sample location. The PSV modules for the duplicate samples were set and 
the physical seal placed at the same depths as the primary sample. Two field blanks were also 
carried in the field and remained sealed within the sample box throughout the sampling period.  
 
To achieve method detection limits (MDLs) at or below the analyte-specific SLs and based 
on the analyte-specific uptake rates, the modules were retrieved between 14 and 18 days after 
deployment. To achieve passive sampler MDLs below the benzene SL required leaving the 
samplers in the ground for 18 days. These sampling times were longer than the 6 days specified 
in the VI Work Plan (DOE 2017) because the mass-based detection limits provided by the 
laboratory (Eurofins Air Toxics [Eurofins]) immediately prior to sampling were higher than 
those provided during preparation of the VI Work Plan; therefore, longer sample collection times 
were needed to meet the concentration-based detection limits specified in the VI Work Plan. 
However, longer sampling times also increase the probability of samplers being disturbed. The 
risk of sampler disturbance was balanced with leaving them in long enough to achieve the MDL 
by leaving all samplers in at least 14 days (was also needed to achieve the 1,2-dichloroethane 
[1,2-DCA] SL), but only leaving the four samplers in the area where benzene had been detected 
in soil (i.e., WDPs fill area) for the full 18 days. 
  
At the end of the sampling period, each vapor sampler was retrieved and sealed as described in 
the VI Work Plan, and each borehole was filled with cement grout to ground surface. All 
samplers were retrieved intact. 
 
3.2.2 Sample Analysis 
 
A total of 43 primary, 3 duplicate, and 2 field-blank PSV samples were collected using the 
WMS-LU methodology. The samples were wrapped in bubble wrap containing a scavenger 
carbon sorbent pack and packaged in a shipping container under appropriate chain-of-custody 
(COC). The samples were then sent to Eurofins in Folsom, California, where they were analyzed 
for most of the VOCs identified as VFCOPCs using the solvent extract gas chromatography and 
mass spectrometry (GC/MS) method described in the VI Work Plan (DOE 2017), which is 
modified from EPA Method TO-17.  
 
As presented in the VI Work Plan, VOCs that were detected in one or more soil sample but that 
could not be analyzed using the WMS-LU samplers are bromodichloromethane, bromomethane, 
isopropylbenzene, methyl acetate, methylene chloride, and trichlorofluoromethane. This does 
not affect the evaluation of potential VI risk associated with VOCs because these six constituents 
are colocated with other VOCs that are detected with WMS-LU and, with the exception of 
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isopropylbenzene and methyl acetate, were analyzed in the seven active soil gas wells and 
one subslab vapor point sampled for VOCs based on the WMS-LU results (Section 3.3). 
 
Additionally, five of these six constituents are unlikely to present a VI risk in DOE Areas 
based on: 

• Bromodichloromethane and bromomethane being detected in 1 soil sample out of 375 
and 380, respectively, at concentrations less than 1 microgram per kilogram (µg/kg). 

• Isopropylbenzene, methyl acetate, and trichlorofluoromethane having low toxicities 
(Table 2) and, of 39 soil samples analyzed, being detected in only two, five, and nine 
samples, respectively, at concentrations less than 5 µg/kg. 

 
These results reflect the very limited soil impact by these five constituents, as described in the 
VI Work Plan (DOE 2017) and confirmed by the active soil gas results for 
bromodichloromethane, bromomethane, and trichlorofluoromethane (Section 4). As mentioned 
above, the sixth constituent (methylene chloride) was also measured in the eight active sampling 
points where VOCs were measured, and as presented in Section 4, was detected in only one 
location and at concentrations 1000 times less than the SL. 
 
3.3 Active Soil Gas Well and Subslab Vapor Pin Installation 
 
The soil gas wells and subslab gas sampling points were installed on July 12, 2017  
(test well SWTSG-03), and from July 17 through 19, 2017 (remaining wells and subslab points), 
in accordance with the latest California guidance (Cal EPA 2015). All soil gas wells were 
installed using a hand auger, which creates less borehole “smearing” by clays than direct push 
and may allow for better soil gas flow. After the borehole was advanced to the target depth, a 
12-inch-thick sand pack was installed (an 18-inch sand pack was installed in well SWTSG-02A 
due to the presence of a tight clay layer observed in the lower half of the planned sand interval). 
The well depths were based on the distribution of VFCOPCs in soil samples, as described in the 
VI Work Plan (DOE 2017) and summarized in Table 3. As shown in Table 3, most wells were 
screened from 5 to 6 feet bgs. Well SWTSG-02B was screened from 10 to 11 feet bgs based 
on the depths of SVOC and pesticide detections in soil and to provide pesticide, VOC, and 
SVOC data for comparison with adjacent shallower well SWTSG-02A. Well RASRSG-01 
was screened from 10 to 11 feet bgs based on the depths of ammonia detections in soil. 
 
A stainless-steel vapor probe tip attached to 0.25-inch diameter Teflon tubing was placed 
midway in the sand pack for each well. As described in the VI Work Plan, the probe tip was also 
constructed with an umbrella-like shield and screen to assist in keeping the tip inlet free of soil or 
bentonite. Approximately 6 inches of dry bentonite was emplaced on top of the sand pack, and 
hydrated bentonite grout was placed on top of the dry bentonite to fill the remainder of the 
annular space to the ground surface. The Teflon tubing was extended approximately 2 feet above 
the ground to allow for sampling and was sealed with a gas-tight fitting near the end. A 5-inch 
metal vault was installed with concrete at the surface of each well to protect the tubing 
from damage.  
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As specified in the VI Work Plan, the subslab sampling points were vapor pins manufactured by 
Cox-Colvin & Associates Inc. These points were installed using a roto-hammer to advance a 
1.5-inch diameter counterbore about 1 inch into the concrete slab, followed by a  
5/8-inch-diameter borehole through the slab and approximately 1 inch into the engineered fill 
through the middle of the counterbore. This placed the vapor pin opening approximately midway 
through the expected thickness of engineered fill (2 inches based on available foundation 
drawings and field observations) to provide a representative sample of the subslab gas. A 
vacuum-operated dust-collection system was attached to the roto-hammer to minimize dust in the 
building atmosphere. After drilling, the concrete surfaces around the borehole were cleaned 
using a high-efficiency particulate air vacuum and a bottle brush. The vapor pin sieve or filter 
and attached 0.25-inch diameter tubing were then inserted into the borehole. The vapor pin has a 
sleeve that seals the 5/8-inch borehole and a flexible cap that isolates the subslab from the 
atmosphere. The vapor pin cover was then screwed down into the counterbore. 
 
Prior to installing the remaining wells, one soil gas well (SWTSG-03) was tested to determine 
if there would be a concern for ambient air intrusion or pump shutdown due to excessive back 
pressure during the extraction of the large volumes that were required for some of the analytic 
suites from the potentially low-permeability shallow subsurface (DOE 2017). The sampling 
pump, with tubing, clamps, and a pressure gauge connected to the sampling point, was operated 
at the planned sampling flow rate (150–200 milliliters per minute [mL/min]) while periodically 
monitoring the pressure and pump operation for evidence of excessive back pressure and 
periodically shutting off the pump while monitoring the pressure gauge for evidence of leaks. 
During this testing, no pressure issues developed; however, it was also determined that the 
sampling pump metering valve was leaking, and the leak could not be eliminated. The pump 
used was an SKC AirChek TOUCH rated to pump between 5 and 5000 mL/min; however, the 
metering valve was necessary to maintain rates under 1000 mL/min, or 1 liter per minute 
(L/min). To complete the leak test, the metering valve was removed, and the well was pumped at 
1 to 2 L/min for several hours. Back pressure (i.e., vacuum) remained within acceptable levels 
(less than 30 inches of water), and no evidence of leaks was observed during this testing. The 
screened interval in well SWTSG-03 was logged as sandy silt (Appendix D).  
 
Based on the results of this testing and the soil types logged for the planned screened intervals of 
the other soil gas wells (Appendix D), problems with excessive back pressure and/or leaks were 
not anticipated and no design changes were made except for one well (SWTSG-02A), which was 
screened from 4.5 to 6 feet bgs instead of 5 to 6 feet bgs due to the presence of clay in the lower 
portion of this interval. Because of the leaking metering valve issue with the AirChek TOUCH 
pump, a different pump, designed specifically for low flow rates (SKC Pocket Pump, rated for 
pumping rates between 5 and 500 mL/min) was used for sample collection for SVOC, aldehyde, 
ammonia, and follow-up naphthalene analyses, as described below. 
 
3.4 Active Soil and Subslab Gas Sampling and Analytical Methods 
 
The following subsections describe sampling methods for each of the target VFCOPC analyte 
groups: VOCs, SVOCs, pesticides/PCBs, aldehydes, and ammonia, as well as the method for 
confirmation sampling for naphthalene. Samples were collected from July 31 through 
August 4, 2017, with limited follow-up sampling conducted on September 22, 2017, and 
April 2, 2018. All samples were packaged and shipped under appropriate COC to the specified 
analytical laboratory following SOP 1.1, “Chain-of-Custody,” and SOP 2.1, “Sample Handling, 
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Packaging and Shipping” (DOE 2012). Information on sample containers and handling and hold 
times for the analytic methods described below was provided in the VI Work Plan (DOE 2017). 
MDLs and reporting limits (RLs) are discussed in Section 4.0, “Analytical Results and 
Interpretation.” Field measurements and other sampling records are presented in Appendix D. 
 
3.4.1 Volatile Organic Compounds 
 
Soil gas wells and subslab vapor pins were sampled for VOCs in accordance with the latest 
California guidance (Cal EPA 2015), as described in the VI Work Plan (DOE 2017). Prior to 
collecting the sample at each location, a helium leak test was performed to ensure no ambient 
air entered the aboveground sampling apparatus. Samples were collected after evacuating three 
purge volumes, which was calculated based on the tubing volume plus the volume of the annular 
sand and dry bentonite components per state guidance (Cal EPA 2015); these volumes are 
included in the field records in Appendix D. Flow rates less than 200 mL/min and vacuums less 
than 100 inches of water were maintained during both purging and sampling, to minimize 
stripping and to prevent ambient air from diluting the subslab vapor samples. 
 
Duplicate sample(s) for VOC analysis were collected using a sampling train designed 
specifically for that purpose, as described in the VI Work Plan (DOE 2017). An equipment 
blank was unnecessary, as SUMMA canisters that were clean-certified by Curtis & Tompkins 
Laboratories (now Enthalpy Analytical), a state-certified analytical laboratory located in 
Berkeley, California, were used for all samples. 
 
Samples were shipped under appropriate COC to Enthalpy Analytical for analysis of the soil 
gas samples for the target VOCs using EPA Method TO-15 by GC/MS and for helium using 
ASTM International Method D1946. All VOCs detected in one or more soil samples could be 
analyzed by EPA Method TO-15 except for isopropylbenzene and methyl acetate. It was 
determined during VI Work Plan preparation that methyl acetate cannot be analyzed by TO-15, 
but that data for this constituent were not needed to assess vapor intrusion risk due to its very 
high soil gas SL (2.6 × 106 micrograms per cubic meter [µg/m3]) and very low (less than 
5 µg/kg) detections in only 5 of 39 soil samples for which it was analyzed (DOE 2017). 
Although Enthalpy Analytical included isopropylbenzene on its analyte list during VI Work Plan 
preparation, at the time of sampling the laboratory indicated that analysis for this constituent was 
not available. It was determined at that time that soil gas data for this constituent were not 
needed to assess vapor intrusion risk due to the high SL (1.4 × 104 µg/m3) and very low 
(less than 2 µg/kg) soil detections in only 2 of 39 soil samples for which it was analyzed. As 
discussed in Section 3.2.2, the lack of soil gas data for these two constituents does not affect the 
evaluation of potential VI risk associated with VOCs. 
 
Because naphthalene has a lower vapor pressure than the other VOCs analyzed by EPA 
Method TO-15, the naphthalene-specific sample collection and analysis measures provided in 
the latest state guidance (Cal EPA 2015, Appendix E) were followed. These measures include 
using only tubing types with demonstrated inertness for the sampling train, using 
laboratory-certified clean canisters, conducting laboratory storage stability and blank testing, 
and confirming naphthalene results using EPA Method TO-17 at one of the eight field 
sample locations. A primary sample and duplicate sample for naphthalene analysis by 
EPA Method TO-17 were collected from soil gas well SWTSG-03, the location with the 
highest expected naphthalene concentrations based on the PSV results. The samples were 
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collected using a syringe, sampling tubes, and associated equipment provided by the laboratory 
(Eurofins), and following their instructions (Appendix D). As specified by the laboratory, a 
maximum of 200 mL of soil gas was collected per sample.  
 
Because of data quality uncertainty for the initial samples from SWTSG-02A and SWTSG-03 
(see Section 4.2.1), these two wells were resampled on September 22, 2017, and analyzed by 
EPA Method TO-15 following the same procedures described above. Well SWTSG-03 was also 
resampled for EPA Method TO-17 analysis of naphthalene. To improve data quality and because 
only trace concentrations of naphthalene were detected in the initial samples (Section 4.2.2), the 
laboratory approved a sample size of 2 liters of soil gas, which was collected at 150 mL/min 
using an SKC Pocket Pump. 
 
Because of continued data quality uncertainty for both the follow-up and initial samples from 
SWTSG-02A (see Section 4.2), a modified sampling and analytic approach for this well was 
developed in consultation with Eurofins. Unlike Enthalpy Analytical, which performs soil gas 
but not indoor air analyses, Eurofins specializes in indoor air and, therefore, is better equipped to 
attain low-level reporting limits in samples with interfering non-target constituents. The modified 
sampling and analytic approach was presented to and approved by EPA, CRWQCB, and DTSC 
in March 2018 (Appendix A). The sampling was conducted on April 2, 2018, and included one 
set of duplicate samples followed by a single replicate sample. As presented in the VI Work 
Plan, three purge volumes were removed prior to the duplicate sample collection; however, 
between the duplicate and single sample collection only one additional purge volume was 
removed prior to sampling. Rather than using 1.4-liter SUMMA canisters, the samples were 
collected in 6-liter SUMMA canisters. Instead of the Enthalpy Analytical leak-testing helium 
shroud described in Appendix C of the VI Work Plan, the Eurofins helium shroud was used. 
While the Enthalpy Analytical shroud is a rigid plastic box with snap-on lid and dedicated ports 
for the purge and helium lines, the Eurofins shroud is an inflatable bag in which purge and 
helium ports are cut immediately prior to use. The helium charging and monitoring, sample 
collection, leak testing, purging, and sampling methods used are essentially the same for both 
shrouds and are as described in Appendix C of the VI Work Plan. Besides the differences 
described in this paragraph, the samples were collected as described in the VI Work Plan 
(DOE 2017) and summarized in previous paragraphs.  
 
At the laboratory, Eurofins initially screened these samples to assess the presence of terpenes 
and any other high-concentration constituents to determine whether the Modified EPA 
Method TO-15 “Hi-Lo” could be used. This screening indicated that the concentrations of these 
potentially interfering constituents were low enough that this method could be used. This 
Eurofins-modified EPA Method TO-15 (hereafter referred to as Modified EPA Method TO-15) 
analyzes available compounds, including trichloroethene (TCE) and tetrachloroethene (PCE), by 
selective ion monitoring (SIM) and the remaining constituents by low-level full scan on one 
reportable run to provide the lowest possible RLs. Details on the two component analyses under 
this method are provided in Appendix E.  
 
3.4.2 Semivolatile Organic Compounds 
 
Samples for SVOC analysis were collected by drawing approximately 100 liters of soil gas 
through an XAD-2 sorbent cartridge as described in the VI Work Plan (DOE 2017), with the 
sampling train improvements described in Section 3.4.6 below. Prior to attaching the cartridge 
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to the sample line, three purge volumes were evacuated at approximately 200 mL/min using an 
SKC Pocket Pump. During purging, a removable tubing connector was used in the sample train 
in place of the sample cartridge. Once purging was complete, the clamps on either side of the 
removable tubing connector were closed to minimize the volume of ambient air in the sampling 
line. The sample cartridge was then opened and inserted into the sample train in place of the 
tubing connector.  
 
Before removing the clamp between the soil gas well or vapor pin and the cartridge, the sample 
line was checked for leaks by starting the pump with the clamp between the cartridge and the 
pump removed and the cartridge valve open. If the inline flow meter indicated measurable flow 
after initial evacuation, connections were checked and adjusted until flow was eliminated. 
Following this, the clamp next to the pump was closed and the inline vacuum gauge was 
monitored. If any observable pressure change (i.e., approximately 0.5 inch water) occurred after 
2 minutes, connections were checked and adjusted until the line indicated no leaks were 
occurring.  
 
Once it was determined that no leaks were present, the clamp between the sampling point and 
the cartridge was removed and sample collection was started. As presented in the VI Work 
Plan (DOE 2017), samples were collected over a period of 8 hours at a sampling rate of 
approximately 200 mL/min. One duplicate sample was collected using “Y” connectors on 
either side of two sorbent tubes and sampling at twice the rate (400 mL/min). One field blank 
was collected by placing an open sorbent tube adjacent to the sampling train during sampling. 
Once samples were taken, the XAD-2 tubes were capped at both ends, wrapped in aluminum 
foil, and kept chilled at 4 °C.  
 
Samples were shipped under appropriate COC to Eurofins in Folsom, California, for analysis 
by EPA Method TO-13A using GC/MS. Because of the high toxicity and corresponding low 
risk-based SLs for two of the constituents (benzo[a]anthracene and hexachlorobenzene) analyzed 
by EPA Method TO-13A, multiday sampling times would have been required at a 200 mL/min 
sampling rate to achieve RLs that are at or below the SLs. Therefore, results for these analytes 
were reported to the MDL to shorten sampling time. For the MDLs to be on the order of 
magnitude of the SLs (specific MDLs could not be provided by the laboratory), the samples 
were collected over an 8-hour period and sampled at 200 mL/min.  
 
To achieve lower RLs/MDLs and based on the success of collecting samples for pesticide 
analysis at higher flow rates (see Section 3.4.3), follow-up samples (primary and duplicate) 
were collected at well DSS3SG-02 following the same procedures as above, but at a flow rate 
of 2 L/min using an SKC AirChek TOUCH pump instead of at 200 mL/min using a 
Pocket Pump. 
 
3.4.3 Pesticides and PCBs 
 
Pesticides and PCBs were sampled using the same sampling train and procedures as for SVOCs, 
but with a polyurethane foam cartridge for pesticides and PCBs. As discussed in Section 3.4.6 
below, a sampling rate of 2 L/min was used instead of the 200 mL/min rate used for SVOCs; 
therefore, an SKC AirChek TOUCH pump designed for 1–5 L/min flow rates was used instead 
of an SKC Pocket Pump. One duplicate sample and one field blank were collected, as they were 
for SVOCs. All samples were collected over an 8-hour period, wrapped in aluminum foil, and 
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kept chilled at 4 °C following sampling. Samples were shipped under appropriate COC 
to TestAmerica in West Sacramento, California, for analysis of the target analytes by 
EPA Method TO-10A. 
 
3.4.4 Formaldehyde and Benzaldehyde 
 
Samples for aldehyde analysis were also collected following the procedures for SVOCs 
described in Section 3.4.2, including the collection of one duplicate sample and two field blanks. 
The sample volume of approximately 27 liters was collected over approximately 2.25 hours at 
a rate of approximately 200 mL/min. Once the sample was collected, the ends of the cartridge 
were capped, and the samples were stored in an aluminum-lined envelope, chilled at 4 °C, and 
kept out of sunlight. Samples were shipped under appropriate COC to Atmospheric Analysis and 
Consulting Inc. in Ventura, California, for analysis by EPA Method TO-11A. 
 
3.4.5 Ammonia 
 
Samples for ammonia analysis were collected using the same sampling train and procedures 
as for SVOCs, including the collection of one duplicate sample and one field blank, but with 
sampling tubes packed with beaded-activated carbon coated with sulfuric acid. The samples were 
collected at a rate of approximately 200 mL/min over an approximately 0.5 hour period. Once 
the sample was collected, the ends of the cartridge were capped, and the cartridge was kept 
chilled and shipped under appropriate COC to Chester LabNet in Tigard, Oregon, for analysis by 
National Institute for Occupational Safety and Health (NIOSH) Method 6016. 
 
3.4.6 Sample Collection and Analysis Modifications 
 
In response to EPA comments, laboratory changes, and other findings that followed issuance of 
the final VI Work Plan (DOE 2017), these changes to sampling and analysis of the soil gas wells 
and subslab points were made: 

• In response to an EPA comment (EPA 2017b), duplicate samples for pesticide, PCB, SVOC, 
aldehyde, and ammonia analyses were collected in parallel using Y connectors instead of 
collecting replicate samples in series as described in the VI Work Plan (DOE 2017). 

• For pesticide and PCB samples: 

(a)  The collection rate was increased from the 200 mL/min specified in the VI Work Plan to 
2 L/min. 

(b)  The analytic method and laboratory were changed from EPA Method TO-4 by Eurofins 
Calscience Inc. (Calscience) in Garden Grove, California, to EPA Method TO-10A by 
TestAmerica in West Sacramento. 

(c)  Alpha-chlordane and gamma-chlordane were added to the analyte list for pesticides. 

These changes were necessary because it was determined that EPA Method TO-4, which 
Calscience indicated could be used for soil gas sampling and that was specified in the 
VI Work Plan (DOE 2017), could not be used due to the high flow rates (typically over 
100 L/min) required with the specified sorbent tube. EPA Methods TO-4 and TO-10A 
use the same sorbent, extraction method, and GC/MS method; the only difference is the 
sorbent tube size/type. Calscience does not conduct EPA Method TO-10A analyses; 
therefore, TestAmerica was selected to perform these analyses. Because RLs and MDLs 
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for EPA Method TO-10A are generally an order of magnitude higher than those for 
EPA Method TO-4, the higher sampling rate was necessary to maintain total sample time at 
8 hours. The individual isomers alpha- and gamma-chlordane were included in the analyte 
list in addition to technical chlordane (which is a mixture of these two isomers, chlordene 
isomers, heptachlor, nonachlor, and a number of other similar constituents) because the 
RLs and MDLs for the two isomers are approximately 2 orders of magnitude lower than 
those for the technical chlordane mixture. These two isomers typically make up a large 
percentage of technical chlordane (EPA 2017c). 

• All target SVOCs were analyzed by EPA Method TO-13A, instead of a subset being 
analyzed by TO-13 SIM as specified in the VI Work Plan. This was the result of a change 
in analytic methods used by the laboratory (Eurofins). The resultant RLs for all constituents 
were at least as low as those presented in the VI Work Plan (DOE 2017). 

• In response to an EPA comment (EPA 2017b), all samples for ammonia were submitted for 
laboratory analysis rather than first using a field screening method to evaluate the need for 
laboratory analysis. 

• No ozone scrubber was used in the sampling train for aldehydes based on recommendation 
of Atmospheric Analysis and Consulting Inc. Ozone is not expected to be present in soil gas 
at concentrations that could cause interference, and the scrubber can increase the chance of 
sample train leaks and other sampling issues. 

• For naphthalene, two confirmation samples (with duplicates) were collected and analyzed 
by EPA Method TO-17, as recommended in Appendix E of the California guidance 
(Cal EPA 2015). 

• Because of the potential for breakthrough of ambient air into the subslab vapor pins 
(Johnson 2017; Weiss 2015), a field leak test using the helium shroud method was 
conducted in addition to the sample train leak testing for the two vapor pins (WDPSGSS-01 
and WDPSGSS-02 in the Cellular Biology Laboratory Building) that did not include VOC 
analysis. No breakthrough was detected. 

 
These changes had no negative impact on achievement of the DQOs for this evaluation. With the 
exception of eliminating the ozone scrubber for aldehyde analysis, adding confirmation sampling 
for naphthalene using EPA Method TO-17, and the additional leak testing for the vapor pins, the 
VI Work Plan additions and modifications described above were presented to and approved by 
the regulatory agencies. Documentation related to these changes is included in Appendix B.  
 
3.5 Waste Management 
 
Investigation-derived waste (IDW) consisted of roto-hammer and hand-auger drill cuttings, 
equipment decontamination water, and spent materials and equipment. As indicated in Table 1, 
the Ra/Sr Treatment System, DSS 3, DSS 4, Dry Wells A–E, and the Southwest Trenches 
areas are subject to the SMP (DOE 2010); therefore, IDW from those areas was managed in 
compliance with the requirements of the SMP and under an SMP soil disturbance permit 
(Appendix C). 
 
Decontamination water volumes were small (several gallons) and were discharged into one 
of two existing onsite poly tanks at the former Cobalt-60 Irradiation Field that stores purge water 
from well sampling events. When these tanks become full, the water will be sampled, 
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characterized, and compared to sanitary sewer local limits established by the UC Davis 
wastewater treatment plant. Based on significant prior site experience, wastewater will meet 
the local limits for acceptance by the treatment plant. 
 
Additional IDW generated during the investigation included decontamination wipes, nitrile 
rubber gloves, used containers, and packaging. This material and equipment was double-bagged 
and disposed of as nonhazardous municipal waste. These materials, as well as additional 
nonhazardous waste items, were placed into existing waste bins at the site. 
 
Hand-auger and roto-hammer drill cuttings from the areas subject to the SMP (DOE 2010) 
were temporarily stored in the UC Davis groundwater treatment system building in two 
U.S. Department of Transportation–approved 55-gallon drums. Soil cuttings from sample 
locations in areas that are not subject to the SMP (i.e., WDPs, DSS 5, and DSS 6) were assumed 
to be uncontaminated and were left near the sampling location from which they were generated.  
 
On September 22, 2017, two representative composite samples from the soil generated in the 
SMP areas were submitted to laboratories for analysis to evaluate the soil for disposal. One 
sample was submitted under appropriate COC documentation to Calscience for analysis of: 

• Metals under California Code of Regulations (CCR) Title 27, “Environmental Protection,” 
by EPA Method 6010B. 

• Mercury by EPA Method 7471A. 

• Hexavalent chromium by EPA Method 7196. 

• Pesticides and PCBs by EPA Methods 8081A and 8082, respectively. 

• VOCs and total petroleum hydrocarbons as gasoline (TPH-g) prepared by EPA 
Method 5035 with analysis by EPA Method 8260B for VOCs and 8015B for TPH-g 
(one sample and one analysis per drum; no compositing). 

• Total petroleum hydrocarbons as diesel (TPH-d) and motor oil (TPH-mo) by EPA 
Method 8015B. 

• SVOCs by EPA Method 8270C. 

The other sample was submitted to GEL Laboratories LLC in Charleston, South Carolina, for 
analysis of: 

• Carbon-14 by EPA Eastern Environmental Radiation Facility Method C-01. 

• Tritium by EPA Method 906.0 (modified). 

• Americium-241, uranium-233/234, uranium-235, uranium-238, plutonium-241, 
thorium-228, thorium-232, and thorium-234 by DOE Environmental Measurements 
Laboratory, Health and Safety Laboratory 300 (EML HASL-300) using alpha spectrometry. 

• Cesium-137, cobalt-60, and lead-210 by DOE EML HASL-300 (gamma spectrometry). 

• Radium-226 by DOE EML HASL-300 (gamma spectrometry) with 30-day 226Ra progeny 
ingrowth. 

• Strontium-90 by EPA Method 905.0. 

• Gross alpha and gross beta radioactivity by EPA Method 900. 
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Because naturally occurring chromium and nickel concentrations in soil at the LEHR Site 
commonly exceed 10 times the soluble threshold limit concentrations (STLCs) and/or 20 times 
toxicity characteristic leaching procedure (TCLP) criteria, STLC and TCLP extracts of the 
composite sample were analyzed for chromium and nickel by Calscience using  
EPA Method 6010B. STLC extraction was performed by Calscience according to waste 
extraction test (WET) requirements listed in CCR Title 22, Section 66261 and Chapter 11, 
Appendix II, and EPA Method 6020 (EPA 2007). TCLP extraction was performed by 
Calscience according to EPA Method 1311 (EPA 2007).  
 
In compliance with the SMP (DOE 2010), a soil disturbance report will be submitted to the 
UC Davis EH&S Unit once the soil has been disposed off-site. As specified in the SMP, this 
report will include: 

• A description of work performed. 

• A map, with the project location and location(s) of soil disturbance, soil removal, soil reuse, 
and/or placement of imported soil. 

• A map of waste storage and stockpile locations. 

• A map of sampling locations, as appropriate. 

• Contaminants of concern. 

• EPA analytical methods. 

• Analytical data results, including associated laboratory quality control reports. 

• An assessment of analytical results and basis for disposal decisions. 

• Waste profiles and manifests for off-site disposal facilities. 
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4.0 Analytical Results and Interpretation 
 
This section presents the results of the passive and active soil gas and subslab gas sampling. Data 
are summarized in tables and figures, and all laboratory analytical reports are provided in 
Appendix F. As presented in the VI Work Plan (DOE 2017), data evaluation objectives included: 

1. Using the passive soil gas data for VOCs, along with the soil data for non-VOCs, to select 
specific locations for soil gas wells.  

2. Comparing the passive and active soil gas data from varying depths to (a) evaluate the 
correlation between the two data sets, and (b) assess soil gas concentrations trends with 
varying depth. 

3. Using the active soil gas data to evaluate human-health risk from vapor intrusion. 
 
The subsections below summarize the data quality assessment and results for each group of 
samples and address these data evaluation objectives. Potential human-health risk from vapor 
intrusion in DOE Areas is discussed further in Section 5. 
 
4.1 Passive Soil Vapor Results 
 
The VOC results for the PSV samplers are presented in Table 4; results above SLs are shown in 
Figure 5. 
 
4.1.1 Data Quality Evaluation  
 
The passive data were validated as described in the VI Work Plan (DOE 2017). This process 
includes reviewing the results of field quality control (QC) samples, evaluating sample handling 
and documentation procedures, and assessing laboratory QC data. 
 
All COC documentation was reviewed for completeness and correctness after sample receipt 
and log in by the respective laboratories. All hold times for all analyses were met. The laboratory 
analyzed and reported the appropriate QC measures (e.g., method blanks and laboratory control 
samples [LCSs]). All method blanks were free of contamination. LCS, LCS duplicates, and 
associated relative percent difference results were within laboratory and QAPP limits, with the 
exception of low acetone recovery in one set of LCS and LCS duplicate samples. A total 
of 19 acetone results associated with these LCS and LCS duplicate results are flagged as 
either not detected at an estimated reporting limit (UJ-flagged) or detected at an estimated 
concentration (J-flagged). Additionally, all VOC results for one sample (from location PSV-34) 
are qualified as estimated (UJ-flagged or J-flagged) due to the surrogate spike recovery being 
outside of laboratory control limits. Based on this data validation, all results for this data set 
are usable. 
 
Influences from field conditions and leaks were evaluated using the results from field duplicate 
samples and field blanks. No VOCs were detected in the two field blanks. Results for the three 
field duplicate samples, which were installed approximately 1 foot laterally from the primary 
sample, agreed well with the primary sample results (see Table 4). 
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Table 4. Passive Soil Gas Results for VOCs 
 

Location Field Blank Field Blank PSV-01 PSV-02 PSV-03 PSV-03 PSV-04 PSV-05 PSV-06 PSV-07 PSV-08 PSV-09 
Sample Name PSVDOE46 PSVDOE47 PSVDOE01 PSVDOE02 PSVDOE03 PSVDOE43 PSVDOE04 PSVDOE05 PSVDOE06 PSVDOE07 PSVDOE08 PSVDOE09 

Sample Date 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 
Sample Type FB FB N N N N N N N N N N 

Analytic 
Method Analyte 

Soil Gas 
Screening 

Levela 
Units             

TO-17M 1,1-Dichloroethene 7,000 µg/m3  <17   <17   <22   <19   <19   <19   <19   <19   <19   <19   <19   <19  

TO-17M 1,2,4-Trichlorobenzene 70 µg/m3  <1.5   <1.5   <2.0   <1.7   <1.7   <1.7   <1.7   <1.7   <1.7   <1.7   <1.7   <1.7  

TO-17M 1,2-Dichloroethane 3.6 µg/m3  <2.6   <2.6   <3.3   <2.9   <2.9   <2.9   <2.9   4.2   <2.9   <2.9   <2.9   <2.9  

TO-17M 1,3-Dichlorobenzene 100,000 µg/m3  <0.80   <0.80   <1.0   <0.90   <0.90   <0.90   <0.90   <0.90   <0.90   <0.90   <0.90   <0.90  

TO-17M 1,4-Dichlorobenzene 8.5 µg/m3  <0.77   <0.77   <0.99   <0.87   <0.87   <0.87   <0.87   <0.87   <0.87   <0.87   <0.87   <0.87  

TO-17M Acetone 1,100,000 µg/m3  <18   <18   40   <20   <20   <20   <20   <20   <20   <20   <20   <20  

TO-17M Benzeneb 12 µg/m3  <10   <10   <14   <12   <12   <12   <12   <12   <12   <12   <12   <12  

TO-17M Chlorobenzene 1,700 µg/m3  <1.6   <1.6   <2.1   <1.8   <1.8   <1.8   <1.8   <1.8   <1.8   <1.8   <1.8   <1.8  

TO-17M Chloroform 4.1 µg/m3  <3.0   <3.0   <3.8   <3.3   <3.3   <3.3   <3.3   <3.3   <3.3   <3.3   <3.3   <3.3  

TO-17M Ethylbenzene 37 µg/m3  <1.4   <1.4   8.9   2.8   1.9   <1.6   <1.6   <1.6   2.6   <1.6   8.4   2.2  

TO-17M m,p-Xylenesc 3,500 µg/m3  <1.4   <1.4   47   10   7.6   2.3   <1.6   <1.6   12   <1.6   43   9.7  

TO-17M Methyl ethyl ketone (2-butanone) 170,000 µg/m3  <3.9   <3.9   9.5   <4.4   <4.4   <4.4   <4.4   <4.4   <4.4   <4.4   <4.4   <4.4  

TO-17M Methyl isobutyl ketone 
(4-methyl-2-pentanone) 100,000 µg/m3  <4.6   <4.6   <5.9   <5.2   <5.2   <5.2   <5.2   <5.2   <5.2   <5.2   <5.2   <5.2  

TO-17M Naphthalene 2.8 µg/m3  <1.3   <1.3   <1.6   <1.4   <1.4   <1.4   <1.4   <1.4   <1.4   <1.4   <1.4   <1.4  

TO-17M o-Xylenec 3,500 µg/m3  <1.3   <1.3   25   2.9   2.8   <1.4   <1.4   <1.4   5.6   <1.4   20   3.7  

TO-17M Styrene 35,000 µg/m3  <1.3   <1.3   <1.6   <1.4   <1.4   <1.4   <1.4   <1.4   <1.4   <1.4   <1.4   <1.4  

TO-17M Tetrachloroethene 360 µg/m3  <1.5   <1.5   <1.9   <1.7   7.6   9.3   <1.7   <1.7   <1.7   <1.7   <1.7   <1.7  

TO-17M Toluene 170,000 µg/m3  <1.9   <1.9   3.8   6.0   3.7   2.7   <2.2   <2.2   4.0   <2.2   6.1   3.3  

TO-17M Trichloroethene 16 µg/m3  <2.2   <2.2   <2.8   <2.5   <2.5   <2.5   <2.5   <2.5   <2.5   <2.5   <2.5   <2.5  
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Table 4. Passive Soil Gas Results for VOCs (continued) 
 

Location PSV-10 PSV-11 PSV-12 PSV-13 PSV-13 PSV-14 PSV-15 PSV-16 PSV-17 PSV-18 PSV-19 PSV-20 
Sample Name PSVDOE10 PSVDOE11 PSVDOE12 PSVDOE13 PSVDOE44 PSVDOE14 PSVDOE15 PSVDOE16 PSVDOE17 PSVDOE18 PSVDOE19 PSVDOE20 

Sample Date 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 
Sample Type N N N N FD N N N N N N N 

Analytic 
Method Analyte 

Soil Gas 
Screening 

Levela 
Units             

TO-17M 1,1-Dichloroethene 7,000 µg/m3  <19   <20   <20   <20   <20   <20   <20   <19   <20   <19   <19   <20  

TO-17M 1,2,4-Trichlorobenzene 70 µg/m3  <1.7   <1.8   <1.8   <1.8   <1.8   <1.8   <1.8   <1.7   <1.8   <1.7   <1.7   <1.8  

TO-17M 1,2-Dichloroethane 3.6 µg/m3  <2.9   <3.1   <3.1   <3.1   <3.1   <3.1   <3.1   <2.9   <3.1   <2.9   <2.9   <3.1  

TO-17M 1,3-Dichlorobenzene 100,000 µg/m3  <0.90   <0.96   <0.96   <0.96   <0.96   <0.96   <0.96   <0.90   <0.96   <0.90   <0.90   <0.96  

TO-17M 1,4-Dichlorobenzene 8.5 µg/m3  <0.87   <0.92   <0.92   <0.92   <0.92   <0.92   <0.92   <0.87   <0.92   <0.87   <0.87   <0.92  

TO-17M Acetone 1,100,000 µg/m3  <20   <22   <22   <22   <22   <22   <22   <20   <22   <20   <20   <22  

TO-17M Benzeneb 12 µg/m3  <12   <13   <13   <13   <13   <13   <13   <12   <13   <12   <12   <13  

TO-17M Chlorobenzene 1,700 µg/m3  <1.8   <1.9   <1.9   <1.9   <1.9   <1.9   <1.9   <1.8   <1.9   <1.8   <1.8   <1.9  

TO-17M Chloroform 4.1 µg/m3  <3.3   <3.6   <3.6   <3.6   <3.6   <3.6   <3.6   <3.3   <3.6   <3.3   <3.3   <3.6  

TO-17M Ethylbenzene 37 µg/m3  4.3   <1.6   <1.6   <1.6   <1.6   <1.6   <1.6   3.3   <1.6   14   1.6   <1.6  

TO-17M m,p-Xylenesc 3,500 µg/m3  20   <1.6   <1.6   <1.6   <1.6   <1.6   <1.6   10   2.7   56   6.6   <1.6  

TO-17M Methyl ethyl ketone (2-butanone) 170,000 µg/m3  <4.4   <4.7   <4.7   <4.7   <4.7   <4.7   <4.7   <4.4   <4.7   <4.4   <4.4   <4.7  

TO-17M Methyl isobutyl ketone 
(4-methyl-2-pentanone) 100,000 µg/m3  <5.2   <5.5   <5.5   <5.5   <5.5   <5.5   <5.5   <5.2   <5.5   <5.2   <5.2   <5.5  

TO-17M Naphthalene 2.8 µg/m3  <1.4   <1.5   <1.5   <1.5   <1.5   <1.5   <1.5   <1.4   <1.5   <1.4   <1.4   <1.5  

TO-17M o-Xylenec 3,500 µg/m3  6.7   <1.5   <1.5   <1.5   <1.5   <1.5   <1.5   4.7   <1.5   13   2.8   <1.5  

TO-17M Styrene 35,000 µg/m3  <1.4   <1.5   <1.5   <1.5   <1.5   <1.5   <1.5   <1.4   <1.5   <1.4   <1.4   <1.5  

TO-17M Tetrachloroethene 360 µg/m3  <1.7   <1.8   <1.8   <1.8   <1.8   <1.8   <1.8   <1.7   <1.8   <1.7   <1.7   <1.8  

TO-17M Toluene 170,000 µg/m3  <2.2   <2.3   <2.3   <2.3   <2.3   <2.3   <2.3   <2.2   <2.3   4.2   2.9   <2.3  

TO-17M Trichloroethene 16 µg/m3  <2.5   <2.6   <2.6   <2.6   <2.6   <2.6   <2.6   <2.5   <2.6   <2.5   <2.5   <2.6  
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Table 4. Passive Soil Gas Results for VOCs (continued) 
 

Location PSV-21 PSV-22 PSV-23 PSV-24 PSV-25 PSV-26 PSV-27 PSV-28 PSV-29 PSV-30 PSV-31 PSV-31 
Sample Name PSVDOE21 PSVDOE22 PSVDOE23 PSVDOE24 PSVDOE25 PSVDOE26 PSVDOE27 PSVDOE28 PSVDOE29 PSVDOE30 PSVDOE31 PSVDOE45 

Sample Date 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 
Sample Type N N N N N N N N N N N FD 

Analytic 
Method Analyte 

Soil Gas 
Screening 

Levela 
Units             

TO-17M 1,1-Dichloroethene 7,000 µg/m3  <19   <20   <22   <22   <22   <18   <18   <20   <20   <18   <18   <18  

TO-17M 1,2,4-Trichlorobenzene 70 µg/m3  <1.7   <1.8   <2.0   <2.0   <2.0   <1.6   <1.6   <1.8   <1.8   <1.6   <1.6   <1.6  

TO-17M 1,2-Dichloroethane 3.6 µg/m3  <2.9   <3.1   <3.3   <3.3   <3.3   <2.7   <2.7   <3.1   <3.1   <2.7   <2.7   <2.7  

TO-17M 1,3-Dichlorobenzene 100,000 µg/m3  <0.90   <0.96   <1.0   <1.0   <1.0   <0.85   <0.85   <0.96   <0.96   <0.85   <0.85   <0.85  

TO-17M 1,4-Dichlorobenzene 8.5 µg/m3  <0.87   <0.92   <0.99   <0.99   <0.99   <0.82   <0.82   <0.92   <0.92   <0.82   <0.82   <0.82  

TO-17M Acetone 1,100,000 µg/m3  <20 UJ   <22 UJ   <23 UJ   <23 UJ   <23 UJ   <19 UJ   <19 UJ   <22 UJ   <22 UJ   220 J   <19 UJ   <19 UJ  

TO-17M Benzeneb 12 µg/m3  <12   <13   <14   <14   <14   <11   <11   <13   <13   <11   <11   <11  

TO-17M Chlorobenzene 1,700 µg/m3  <1.8   <1.9   <2.1   <2.1   <2.1   <1.7   <1.7   <1.9   <1.9   <1.7   <1.7   <1.7  

TO-17M Chloroform 4.1 µg/m3  <3.3   <3.6   <3.8   <3.8   <3.8   <3.1   <3.1   <3.6   <3.6   <3.1   <3.1   <3.1  

TO-17M Ethylbenzene 37 µg/m3  <1.6   2.8   <1.8   <1.8   <1.8   <1.4   <1.4   <1.6   <1.6   <1.4   <1.4   <1.4  

TO-17M m,p-Xylenesc 3,500 µg/m3  3.7   11   <1.8   <1.8   <1.8   <1.4   <1.4   <1.6   <1.6   1.9   <1.4   <1.4  

TO-17M Methyl ethyl ketone (2-butanone) 170,000 µg/m3  <4.4   <4.7   <5.1   <5.1   <5.1   <4.2   <4.2   <4.7   <4.7   <4.2   <4.2   <4.2  

TO-17M Methyl isobutyl ketone 
(4-methyl-2-pentanone) 100,000 µg/m3  <5.2   <5.5   <5.9   <5.9   <5.9   <4.9   <4.9   <5.5   <5.5   <4.9   <4.9   <4.9  

TO-17M Naphthalene 2.8 µg/m3  <1.4   <1.5   <1.6   <1.6   <1.6   <1.4   8.2   <1.5   <1.5   <1.4   1.5   <1.4  

TO-17M o-Xylenec 3,500 µg/m3  1.8   4.5   <1.6   <1.6   <1.6   <1.4   <1.4   <1.5   <1.5   <1.4   <1.4   <1.4  

TO-17M Styrene 35,000 µg/m3  <1.4   <1.5   <1.6   <1.6   <1.6   <1.4   <1.4   <1.5   <1.5   <1.4   <1.4   <1.4  

TO-17M Tetrachloroethene 360 µg/m3  <1.7   <1.8   <1.9   <1.9   <1.9   <1.6   <1.6   <1.8   <1.8   <1.6   <1.6   <1.6  

TO-17M Toluene 170,000 µg/m3  <2.2   5.8   <2.5   <2.5   <2.5   <2.0   2.3   <2.3   <2.3   90   <2.0   <2.0  

TO-17M Trichloroethene 16 µg/m3  <2.5   <2.6   <2.8   <2.8   <2.8   <2.3   <2.3   <2.6   <2.6   <2.3   <2.3   <2.3  
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Table 4. Passive Soil Gas Results for VOCs (continued) 
 

Location PSV-32 PSV-33 PSV-34 PSV-35 PSV-36 PSV-37 PSV-38 PSV-39 PSV-40 PSV-41 PSV-42 PSV-43 
Sample Name PSVDOE32 PSVDOE33 PSVDOE34 PSVDOE35 PSVDOE36 PSVDOE37 PSVDOE38 PSVDOE39 PSVDOE41 PSVDOE41 PSVDOE42 PSVDOE48 

Sample Date 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 
Sample Type N N N N N N N N N N N N 

Analytic 
Method Analyte 

Soil Gas 
Screening 

Levela 
Units             

TO-17M 1,1-Dichloroethene 7,000 µg/m3  <22   <20   <36 UJ   <18   <20   <20   <20   <17   <17   <17   <17   <22  
TO-17M 1,2,4-Trichlorobenzene 70 µg/m3  <2.0   <1.8   <3.2 UJ   <1.6   <1.8   <1.8   <1.8   <1.5   <1.5   <1.5   <1.5   <2.0  
TO-17M 1,2-Dichloroethane 3.6 µg/m3  <3.3   <3.1   <5.4 UJ   <2.7   <3.1   <3.1   <3.1   <2.6   <2.6   <2.6   <2.6   <3.3  
TO-17M 1,3-Dichlorobenzene 100,000 µg/m3  <1.0   <0.96   <1.7 UJ   <0.85   <0.96   <0.96   <0.96   <0.80   <0.80   <0.80   <0.80   <1.0  
TO-17M 1,4-Dichlorobenzene 8.5 µg/m3  <0.99   <0.92   <1.6 UJ   <0.82   <0.92   <0.92   <0.92   <0.77   <0.77   <0.77   <0.77   <0.99  
TO-17M Acetone 1,100,000 µg/m3  <23 UJ   <22 UJ   28,000 J  1,200  <22 UJ   <22 UJ   <22 UJ   <18 UJ   <18   <18   <18   <23  
TO-17M Benzeneb 12 µg/m3  <14   <13   17 J   <11   <13   <13   <13   <10   <10   <10   <10   <14  
TO-17M Chlorobenzene 1,700 µg/m3  <2.1   <1.9   <3.4 UJ   <1.7   <1.9   <1.9   <1.9   <1.6   <1.6   <1.6   <1.6   <2.1  
TO-17M Chloroform 4.1 µg/m3  <3.8   <3.6   <6.3 UJ   <3.1   <3.6   <3.6   <3.6   <3.0   <3.0   <3.0   <3.0   <3.8  
TO-17M Ethylbenzene 37 µg/m3  <1.8   <1.6   <2.9 UJ   <1.4   <1.6   3.4   <1.6   <1.4   <1.4   <1.4   <1.4   <1.8  
TO-17M m,p-Xylenesc 3,500 µg/m3  1.8   1.6   28 J   <1.4   <1.6   15   <1.6   <1.4   <1.4   <1.4   2.0   2.0  
TO-17M Methyl ethyl ketone (2-butanone) 170,000 µg/m3  <5.1   <4.7   150 J   <4.2   <4.7   <4.7   <4.7   <3.9   <3.9   <3.9   <3.9   <5.1  

TO-17M Methyl isobutyl ketone 
(4-methyl-2-pentanone) 100,000 µg/m3  <5.9   <5.5   76 J   <4.9   <5.5   <5.5   <5.5   <4.6   <4.6   <4.6   <4.6   <5.9  

TO-17M Naphthalene 2.8 µg/m3  <1.6   <1.5   <2.7 UJ   <1.4   <1.5   <1.5   <1.5   <1.3   <1.3   <1.3   <1.3   <1.6  
TO-17M o-Xylenec 3,500 µg/m3  <1.6   <1.5   <2.7 UJ   <1.4   <1.5   10   <1.5   <1.3   <1.3   <1.3   <1.3   <1.6  
TO-17M Styrene 35,000 µg/m3  <1.6   <1.5   <2.7 UJ   <1.4   <1.5   <1.5   <1.5   <1.3   <1.3   <1.3   <1.3   <1.6  
TO-17M Tetrachloroethene 360 µg/m3  <1.9   <1.8   <3.1 UJ   <1.6   <1.8   <1.8   <1.8   <1.5   <1.5   <1.5   <1.5   <1.9  
TO-17M Toluene 170,000 µg/m3  <2.5   3.2   4,300 J   170   3.8   <2.3   <2.3   <1.9   <1.9   <1.9   2.2   2.8  
TO-17M Trichloroethene 16 µg/m3  <2.8   <2.6   <4.6 UJ   <2.3   <2.6   <2.6   <2.6   <2.2   <2.2   <2.2   <2.2   <2.8  

Notes: 
a From the Vapor Intrusion Evaluation Work Plan (DOE 2017). 
b Samples with benzene reporting limits exceeding the screening level were in areas where benzene was not identified as a constituent of potential concern. 
c Screening level is for total xylenes. 
Bold indicates detection above soil gas screening level. For those constituents with detection(s) above the screening level, the screening level is also bold.  
The expression <n = not detected at or above the laboratory method detection limit of n concentration. 
 
Abbreviations: 
FB = field blank 
FD = field duplicate 
J = estimated value 
µg/m3 = micrograms per cubic meter 
N = normal 
PSV = passive soil vapor 
UJ = not detected at estimated reporting limit 
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While the MDLs for most constituents at most locations were below the SLs, a few were not. 
The MDLs for 1,2-DCA were consistently below the SL with the exception of location PSV-34 
in the SWTs area (MDL estimated at 5.4 µg/m3 while the SL is 3.6 µg/m3). Both a 5-foot soil gas 
well (SWTSG-02A) and a 10-foot soil gas well (SWTSG-02B) were installed and sampled for 
VOCs (among other analytes) at that location; as discussed below, 1,2-DCA was not detected 
in these wells. Although many of the benzene RLs were at or slightly above the SL, benzene is 
generally not a constituent of concern associated with the DOE Areas; out of 384 soil samples 
analyzed, benzene was detected in only 1 sample. This was a sample of backfill excavated from 
the SWTs area and used as fill in the WDPs area (as described above); the concentration 
was 1.5 µg/kg.  
 
4.1.2 Results and Interpretation 
  
Key findings from the PSV sampler results (Table 4) are as follows: 

• The only detections exceeding the residential SLs are 1,2-DCA at location PSV-05, 
naphthalene at PSV-27, and benzene at PSV-34 (Figure 5). In each case, the detected 
concentration was less than 3 times the SL. The PSV locations adjacent to PSV-05 had no 
detectable 1,2-DCA, and those adjacent to PSV-34 had no detectable benzene. Naphthalene 
was detected at a trace concentration below the SL (1.5 µg/m3 compared to the  
2.8 µg/m3 SL) in one of the eight PSV samplers adjacent to PSV-27. 

• Acetone and toluene were detected at elevated levels (28,000 J and 4,300 J µg/m3, 
respectively) at location PSV-34, but these concentrations are still 1 to 2 orders of 
magnitude below the residential SLs. Lower concentrations of acetone and toluene were 
detected at adjacent locations PSV-35 and PSV-30 (Figure 5). These soil vapor constituents 
may represent residual VOCs remaining following the extensive removal action in the 
SWTs area in 1998 (DOE 2001b). However, acetone was detected in only 4 of  
130 post-removal action SWTs soil samples, at trace concentrations of 15–33 µg/kg and at 
distances of 25–80 feet from PSV-34. Toluene was detected in about half of the 
post-removal soil samples at concentrations up to 859 µg/kg and at locations throughout the 
SWTs area. As described in Section 4.2.2, the acetone and toluene at this location may also 
be naturally generated by the nearby Aleppo pines. 

• VOCs, primarily toluene, ethylbenzene, and xylenes, but also including methyl ethyl ketone, 
methyl isobutyl ketone, and tetrachloroethylene, were detected in one or more PSV samples 
at low concentrations below the SLs. These VOCs may be associated with past DOE 
activities in these areas, although as discussed in Section 4.2.2 below, much of the toluene, 
ethylbenzene, and xylenes appear to be due to non-DOE activities. 

 
As summarized in Section 2.2, these PSV data, along with the historical soil data for the other 
VI analyte suites, were used to select the specific locations for soil gas wells. The comparability 
of the passive soil gas VOC results with the VOC results for the nearby active soil gas wells is 
discussed in Section 4.2.2 below.  
 
4.2 Active Soil Gas and Subslab Gas Results 
 
Results for VOCs, SVOCs, pesticides/PCBs, and aldehydes/ammonia in active soil gas samples 
are presented in Table 5 through Table 10. 
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4.2.1 Data Quality Assurance/Quality Control (QA/QC) Evaluation  
 
The laboratories submitted Level III (or equivalent) reports, and data were validated as specified 
in the QAPP (DOE 2012) and described in the VI Work Plan (DOE 2017). This process includes 
reviewing the results of field QC samples, evaluating sample handling and documentation 
procedures, and assessing laboratory QC data to confirm that the requirements of the QAPP are 
met. The data validation checklist provided in QAPP SOP 21.1 (DOE 2012) was used to record 
all validation results. 
 
All COC documentation was reviewed for completeness and correctness after sample receipt and 
log in by the respective laboratories. All hold times for all analyses were met. Each laboratory 
analyzed and reported the appropriate QC measures (e.g., method blanks and LCSs). Nine results 
for benzene by EPA Method TO-15 and three results for naphthalene by EPA Method TO-17 are 
qualified as not detected due to laboratory blank contamination (UJ-flagged); all method blanks 
for all other analyses were free of contamination. All LCS, LCS duplicates, and associated 
relative percent difference values were within laboratory and QAPP limits. Four positive sample 
results for pesticides by EPA Method TO-10 were qualified as estimated (J-flagged) due to 
surrogate spike recoveries outside of laboratory control limits. All GC/MS tuning reports were 
acceptable, and all initial and continuing calibration data were acceptable. All retention time and 
internal standard area data are within acceptable ranges. A number of results that are between the 
RL and the MDL are qualified as estimated (J-flagged). Two initial chlordane results that 
exceeded the upper end of the calibration range were qualified as estimated (J-flagged). Based on 
this data validation, all results for this data set are usable. 
 
As discussed in more detail in Section 4.2.2, interfering gas chromatography peaks identified as 
turpentine compounds were detected in samples from well SWTSG-02A. This resulted in higher 
RL/MDL values for the July and September 2017 samples from this well. 
 
Influences from field conditions and leaks were evaluated using the results from field duplicate 
samples and field blanks. One field duplicate was collected and analyzed for each analytic 
method; as shown in Tables 5 and 8, 9, and 10 (discussed below), duplicate samples for all 
methods showed good agreement. Two field blanks were collected for EPA Method TO-11A 
(per laboratory instructions), and one field blank per sampling event was collected for each of 
the other methods except for EPA Method TO-15 and Modified EPA Method TO-15 for VOCs. 
As shown in Table 10 and discussed in Section 4.2.5 below, aldehydes were detected between 
the RL and MDL in both field blanks. To determine if leaks occurred during EPA Method TO-15 
and Modified EPA Method TO-15 sample collection, helium was analyzed in each SUMMA 
canister. As shown in Table 5 and discussed below, helium was not detected in the samples 
collected for EPA Method TO-15 and Modified EPA Method TO-15 analysis except for the 
initial sample from SWTSG-03. In that sample, helium was detected at 1.4%. Based on the 
helium concentration maintained in the shroud throughout sampling (20.5%–23.8%; see 
Appendix D), the helium concentration reported by the laboratory indicates a leak of 
approximately 6%. The state guidance (Cal EPA 2015) specifies 5% as the leak limit above 
which corrective actions should be taken. Therefore, the EPA Method TO-15 VOC results 
associated with this sample are J-flagged as estimated. 
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On the basis of these results, limited follow-up sampling events were conducted on 
September 22, 2017, and April 2, 2018, as described in Section 3.4. The results of the follow-up 
sampling are incorporated into the discussions below. 
 
4.2.2 VOC Results and Interpretation 
 
4.2.2.1 July and September 2017 Results 
 
Results for the soil gas well and subslab gas point VOC samples are presented in Table 5. 
As shown in Table 5, only a few results were above the VI Work Plan SLs, and these were a 
maximum of 14 times the SL and were J-flagged as approximate due to being below the RL. In 
response to a DTSC comment (Appendix A), modified DTSC SLs are also shown in Table 5 for 
comparison in cases where these SLs are lower than the VI Work Plan SLs. As discussed below, 
the lower SLs do not change the conclusions regarding potential VI risk associated with VOCs in 
the DOE Areas.  
 
The results are as follows: 

• Naphthalene at location SWTSG-03. Because this was the one location where naphthalene 
was detected above the 2.8 μg/m3 SL during the passive soil gas survey (location PSV-27), 
this well was selected for analysis of naphthalene by both EPA Method TO-15 and EPA 
Method TO-17. As indicated in Table 5, naphthalene was detected by EPA Method TO-15 
and the result (7.7 J μg/m3) agreed well with the PSV-27 result (8.2 μg/m3). However, the 
EPA Method TO-17 results were similar to those reported in both the field and laboratory 
blanks for this method and were, therefore, reported as not detected at 0.77 UJ μg/m3 
(Table 5). Due to this discrepancy and because SWTSG-03 is also where a leak was detected 
during EPA Method TO-15 sample collection (i.e., helium was detected in the sample), the 
bentonite seal for the well was enhanced and the well was resampled on 
September 22, 2017, for VOCs (including naphthalene) by EPA Method TO-15 and for 
naphthalene by EPA Method TO-17. With approval from Eurofins, the volume for the EPA 
Method TO-17 sample was increased from 200 mL to 2 L to provide more accurate results. 

No helium was detected in the follow-up sample collected for EPA Method TO-15 analysis, 
indicating no leak occurred during sampling. As shown in Table 5, naphthalene was not 
detected at the 0.44 μg/m3 MDL in the EPA Method TO-15 analysis. 

Naphthalene results by EPA Method TO-17 were 1.4 μg/m3 in the primary sample and 
1.3 μg/m3 in the duplicate sample; naphthalene was not detected at the 0.47 μg/m3 RL 
in either the field or laboratory blank associated with these samples. The follow-up 
EPA Method TO-17 naphthalene results are considered the most reliable for this location 
and are below the 2.8 μg/m3 SL. 

• TCE at location SWTSG-02A. TCE was detected at 100 J μg/m3 in the primary sample and 
17 J μg/m3 in the duplicate sample, above the SL of 16 μg/m3. As discussed below, results 
for the deeper zone at this location (screened by well SWTSG-02B) and the neighboring 
passive samplers indicate that the area with soil gas potentially above SLs for TCE is 
localized. Because of the elevated acetone and toluene present in the SWTSG-02A samples, 
a 200-fold dilution was conducted by the laboratory, which resulted in the TCE results being 
J-flagged as estimated and the MDLs being above SLs for several other VOCs. 
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In consultation with several laboratories, it was determined that lower MDLs might be 
obtained by diluting the sample less and allowing the acetone and toluene to fall above 
the calibration range; however at least a 100-fold dilution was anticipated to be needed to 
prevent analytical issues. Although the improvement in RLs/MDLs was expected to be only 
twofold at best, well SWTSG-02A was resampled (with duplicate) on September 22, 2017, 
for VOCs by EPA Method TO-15.  

In these samples, the laboratory reported the presence of terpenes at a high concentration 
that interfered with the analysis and resulted in higher RL/MDL values than otherwise 
would have been achievable. After reviewing the chromatograms for the initial samples 
from this well, the laboratory reported that terpenes were also present in these samples at 
somewhat lower concentrations. This well lies within the canopy of one of the Aleppo pines 
that line the southern boundary of the SWTs area. Aleppo pines are a key source of the 
resins used to manufacture turpentine (Mathe 2015), and natural terpenes have been known 
to interfere with soil gas results (Stephens 1995). Other researchers have identified pine 
trees as sources of natural acetone (Shao and Wildt 2002) and toluene (Heiden et al. 1999), 
so the source of these VFCOPCs at this location may also be the Aleppo pines. 

As shown in Table 5, results for the September 2017 follow-up samples from  
well SWTSG-02A also indicated the presence of TCE at estimated concentrations above the 
16 μg/m3 SL. J-flagged TCE concentrations of 220 µg/m3 in the primary sample and 
130 µg/m3 in the duplicate sample were reported. The dilution factor for the primary sample 
was approximately 2000 compared with approximately 200 for the duplicate sample.  

 
In addition to these detections above SLs, there are five VOCs for which Enthalpy Analytical 
was unable to attain MDLs below the VI Work Plan SLs in the well SWTSG-02A samples due 
to the presence of the interfering turpentine compounds and elevated acetone. For each of these 
VOCs (chloroform, 1,2-DCA, bromodichloromethane, 1,4-dichlorobenzene, and naphthalene), 
surrounding passive and active soil gas results, historical soil sample data, and groundwater data 
for nearby hydrostatic unit-1 (HSU-1) wells (UCD1-004 and UCD1-023 in Figure 5) were 
reviewed to evaluate the likelihood that these VOCs are present in soil gas at SWTSG-02A at 
concentrations greater than the SLs. Table 6 presents this evaluation and conclusion for each 
VOC. As shown in the table, it appears unlikely that 1,2-DCA, bromodichloromethane, 
1,4-dichlorobenzene, or naphthalene are present in soil gas above SLs based on the soil gas, soil, 
and groundwater data for these constituents. On the other hand, chloroform may be present 
between the SL and MDL at SWTSG-02A based on its detection at trace levels in nearby soil gas 
samples, a nearby historical soil sample, and in well UCD1-023 from 1994 to 1998. In addition 
to these five VOCs, two others—methylene chloride and PCE—had MDLs for 
well SWTSG-02A samples that were below the VI Work Plan SL but above the modified 
DTSC SL (Table 5). As discussed in Section 4.2.2.2, the resampling and reanalysis of soil gas 
from this well in April 2018 demonstrated that none of these seven constituents is present above 
either SL.  
 
Table 7 compares the concentrations of VOCs detected in soil gas from each well in samples 
collected from July through September 2017 with those from the adjacent (within 20 feet) 
passive sampler collected in June 2017. As specified in the VI Work Plan (DOE 2017), the ratio 
of the active soil gas concentration measured at 5 feet bgs to that measured in the passive 
sampler at 3 feet bgs is also shown for each constituent in Table 7. Because most detections of 
VOCs were only at trace concentrations, many of these ratios are calculated from estimated 
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(J-flagged) or nondetected (less than RL and/or MDL) values and are, therefore, approximate. As 
indicated by the results shown in Table 7: 

• Most paired passive/active soil gas VOC concentrations agreed within an order of 
magnitude (i.e., ratio between 0.1 and 10). 

• Passive location PSV-27, where naphthalene was detected at 8.2 µg/m3, coincides 
with the only active sampling location where naphthalene was detected (1.4 and 1.3 µg/m3 at 
well SWTSG-03). 

• The 1,2-DCA detected at 4.2 µg/m3 in PSV-05 was not corroborated by the adjacent soil 
gas well, suggesting that this was either a false positive or represented a localized area. 

• The 1,3-dichlorobenzene detected in active wells SWTSG-03 and DSS3SG-01 was not 
detected in the nearby PSV samplers. 

 
In almost all cases, the trace toluene, ethylbenzene, and xylene concentrations detected in PSV 
samplers were detected at even lower concentrations in the associated active wells, suggesting 
these constituents are generally associated with small surface releases of gasoline or ambient 
conditions rather than DOE activities. For PSV samples taken near buildings, the potential for air 
infiltration from the surface into the shallow sampling interval due to building HVAC effects 
was identified as a potential concern (DTSC 2018). The VOC results for the three PSV samplers 
that are adjacent to buildings as well as to active soil gas sampling locations (i.e., PSV-05, 
PSV-16, and PSV-18) are comparable with the results for the adjacent active locations 
(RASRSG-02, RASRSG-03, and DSS4SGSS-01), as shown in Table 7. Because the active 
sampling locations are deeper (or are subslab in the case of DSS4SGSS-01), these results 
indicate that surface infiltration into PSV samplers next to these buildings is not a concern. 
 
On the basis of the depths of the highest non-VOC concentrations in historical soil samples, soil 
gas wells SWTSG-02A and SWTSG-02B were installed adjacent to each other with screened 
intervals at 5 and 10 feet bgs, respectively (see Section 2.2). These two wells were also sampled 
for VOCs, providing additional information on VOC soil vapor distribution with depth. As 
shown in Table 5, the relatively elevated soil gas concentrations detected at 5 feet bgs attenuate 
to trace levels at 10 feet bgs. 
 
4.2.2.2 April 2018 Resampling of Well SWTSG-02A 
 
As discussed above, the TCE results above the SL for Well SWTSG-02A samples were all  
J-flagged and the MDLs for several other target VOCs in these samples were above the SLs due 
to interference from Aleppo pine-related VOCs. Upon further communication with Enthalpy 
Analytical (Enthalpy 2018), it was determined that the TCE, as well as the PCE, ethylbenzene, 
and xylenes, detected in these samples could all be the result of laboratory contamination. 
Enthalpy Analytical prepares sample dilutions in a separate SUMMA canister that has been 
certified clean to the method-required level of 40% of the RL. In the case of TCE, this is 
approximately 1.1 µg/m3. Therefore, the dilution canister could contain approximately 1 µg/m3 
TCE and still be certified clean. In this case, the reported concentration for TCE under a 200-fold 
dilution would become approximately 200 µg/m3 and for a 2000-fold dilution would become 
approximately 2000 µg/m3. Based on this, all of the J-flagged TCE concentrations could 
represent lab contamination; the same is true for the J-flagged PCE, ethylbenzene, and xylenes 
concentrations reported for this well.  
 



  

 
U.S. Department of Energy  LEHR Vapor Intrusion Evaluation Report 
July 2018  Doc. No. S17913 
 Page 40 

Because of these concerns with data quality, an alternative method for sampling and analyzing 
soil gas from this well was developed and implemented. This method is described in 
Section 3.4.1 and Appendix E, and results are included in Table 5. As shown in this table, no 
VOCs were detected above either the VI Work Plan SLs or the lower modified DTSC SLs in 
these samples. TCE was not detected in these samples at an MDL of 0.06 µg/m3. Chloroform, 
PCE, benzene, ethylbenzene, methylene chloride, and o-xylene were detected at trace 
concentrations below the RLs and well below their respective SLs. The only constituents 
detected above RLs are acetone, toluene, m,p-xylenes, methyl isobutyl ketone, and 
trichlorofluoromethane, and these detections are all several orders of magnitude below their 
respective SLs. 
 
Based on the sample preparation information provided by Enthalpy Analytical and the 
April 2018 results, it appears likely that the TCE results from these earlier sampling events 
represent laboratory contamination. In the April 2018 samples, all VOCs detected were 2 orders 
of magnitude or more below their respective SLs. The MDL at which TCE was not detected in 
these samples is also over 2 orders of magnitude below the SL. 
 
4.2.2.3 Additional Lines of Evidence for TCE 
 
On the basis of the results of the passive and active soil gas sampling in DOE Areas, VOCs are 
present at low concentrations in some areas; however, the only detections above SLs were 
J-flagged TCE results at location SWTSG-02A, which were not confirmed during resampling 
and reanalysis. As described above, the initial TCE detections were likely the result of lab 
contamination with reported concentrations amplified 200-fold or more due to the dilution 
process; therefore, it appears that TCE does not present a VI risk in the DOE Areas. To further 
evaluate this, nearby TCE soil gas, soil, and groundwater data were reviewed and the following 
was found: 

• SWTs Soil Gas Samples: TCE was (a) not detected in any of the 15 PSV locations in the 
SWTs area (Figure 6) at MDLs less than 5 µg/m3, (b) detected at 0.24 J µg/m3 in the 10 feet 
bgs soil gas well at the same location (SWTSG-02B), and (c) detected at 0.74 J and  
0.98 J µg/m3 in the soil gas well approximately 50 feet north (SWTSG-03). All of the 
concentrations detected in active soil gas wells are within the range that could represent 
laboratory contamination. 

• SWTs Soil Samples: Only 3 of 130 soil samples from the SWTs showed detectable TCE, at 
a maximum concentration of 0.57 µg/kg (Figure 6). 

• SWTs and Site Groundwater: TCE has consistently not been detected in all HSU-1 wells in 
and downgradient of SW Trenches (Figure 6) based on more than 20 years of monitoring. 
TCE has not been detected consistently in any site groundwater monitoring wells and has no 
documented historical use at the LEHR Site. 

 
These TCE data for other environmental media in the SWTs area support the determination that 
TCE does not present a VI concern. 
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Table 5. Active Soil Gas Results for VOCs 
 

Location FIELD BLANK FIELD BLANK DSS3SG-01 DSS4SGSS-01 RASRSG-01 RASRSG-02 RASRSG-03 
Sample Name FBDOE06 FBDOE09 SG0037 SGSS0006 SG0043 SG0045 SG0034 

Sample Date 8/2/2017 9/22/2017 8/2/2017 8/1/2017 8/2/2017 8/1/2017 8/3/2017 
Sample Type FB FB N N N N N 

Parent Sample               
Dilution 1 1 1.87 1.81 2.14 2.12 1.89 

Enthalpy 
Analytic 
Method 

Analyte 
Soil Gas 

Screening 
Levela 

Units        

D1946-90 Helium  %   <0.19 <0.18  <0.21  <0.21  <0.19  
TO-15 1,1-Dichloroethene 7,000 (2,400) µg/m3     <0.062  <0.060  <0.070  <0.070  <0.062  

TO-15 1,2,4-Trichlorobenzene 70 (13) µg/m3     <1.1  <1.1  <1.3  <1.3  <1.1  

TO-15 1,2-Dichloroethane 3.6 µg/m3     <0.10  <0.10  <0.12  <0.12  <0.11  
TO-15 1,3-Dichlorobenzene 100,000 µg/m3     17  <0.23  <0.27  0.88 J <0.24  
TO-15 1,4-Dichlorobenzene 8.5 µg/m3     <0.24  <0.23  <0.27  <0.27  <0.24  
TO-15 Acetone 1,100,000 µg/m3     21  15  37  14  8.3 J 
TO-15 Benzene 12 (3.2) µg/m3     <0.050 UJ <0.048 UJ <0.057 UJ <0.056 UJ <0.050 UJ 
TO-15 Bromodichloromethane 2.5 µg/m3     0.14 J <0.10  <0.12  <0.12  <0.11  
TO-15 Bromomethane 170 µg/m3     <0.58  <0.56  <0.66  <0.66  <0.59  
TO-15 Chlorobenzene 1,700 µg/m3     <0.69  <0.67  <0.79  <0.78  <0.70  

TO-15 Chloroform 4.1 µg/m3     1.1 J 0.11 J 0.21 J <0.086  <0.077  

TO-15 Ethylbenzene 37 µg/m3     0.89 J 0.35 J 0.22 J <0.087  <0.078  
TO-15 m,p-Xylenes 3,500c µg/m3     3.1 J 0.46 J 0.81 J 0.18 J <0.13  
TO-15 Methyl ethyl ketone (2-butanone) 170,000 µg/m3     3.3 J 1.5 J <0.63  1.1 J 1.0 J 

TO-15 Methyl isobutyl ketone 
(4-methyl-2-pentanone) 100,000 µg/m3     <0.61  <0.59  <0.70  <0.69  <0.62  

TO-15 Methylene chloride 2,000 (33) µg/m3     <0.52  <0.50  1.3 J <0.59  <0.53  
TO-15 Naphthalene 2.8 µg/m3     <0.61  <0.59  <0.69  <0.69  <0.61  
TO-17 Naphthalene 2.8 µg/m3 <0.77 UJ <0.10            
TO-15 o-Xylene 3,500c µg/m3     1.0 J 0.17 J 0.28 J <0.11  <0.10  

TO-15 Styrene 35,000 
(31,000) µg/m3     <0.64 <0.62 <0.73 <0.72 <0.64 

TO-15 Tetrachloroethene 360 (15) µg/m3     6.6 0.66 J 1.7 J 1.2 J 1.1 J 

TO-15 Toluene 170,000 
(10,000) µg/m3     10 0.48 J 0.94 J 0.22 J 0.20 J 

TO-15 Trichloroethene 16 µg/m3     0.22 J 2.8 J 10 0.35 J 0.23 J 

TO-15 Trichlorofluoromethane 620,000 
(430,000) µg/m3     13 0.96 J 3.5 J 1.3 J 1.4 J 
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Table 5. Active Soil Gas Results for VOCs (continued) 
 

Location SWTSG-02A SWTSG-02A SWTSG-02A SWTSG-02A  SWTSG-02A SWTSG-02A SWTSG-02A 
Sample Name SG0040 SG0048 SG0056 SG0057  SG0061 SG0062 SG0063 

Sample Date 7/31/2017 7/31/2017 9/22/2017 9/22/2017  4/2/2018 4/2/2018 4/2/2018 
Sample Type N FD N FD  N FD FR 

Parent Sample   SG0040-VOC   SG0056    SG0061 SG0061 
Dilution 201 201 2,160 184  2.76 2.76 2.78 

Enthalpy 
Analytic 
Method 

Analyte 
Soil Gas 

Screening 
Levela 

Units     Eurofins Air Toxics 
Methodb    

D1946-90 Helium  % <0.20  <0.20  <0.18  <0.18  D-1946 <0.069 <0.069 <0.070 
TO-15 1,1-Dichloroethene 7,000 (2,400) µg/m3 <6.6  <6.6  <170  <15  Modified TO-15 SIM <0.044 <0.044 <0.044 

TO-15 1,2,4-Trichlorobenzene 70 (13) µg/m3 <120  <120  <1,400  <120  Modified TO-15 FS <6.1 <6.1 <6.2 

TO-15 1,2-Dichloroethane 3.6 µg/m3 <11  <11  <150  <12  Modified TO-15 SIM <0.045 <0.045 <0.045 
TO-15 1,3-Dichlorobenzene 100,000 µg/m3 <25  <25  <160  <14  Modified TO-15 FS <0.83 <0.83 <0.84 
TO-15 1,4-Dichlorobenzene 8.5 µg/m3 <25  <25  <180  <15  Modified TO-15 SIM <0.15 <0.15 <0.16 
TO-15 Acetone 1,100,000 µg/m3 37,000  38,000  1,700 J 1,300  Modified TO-15 FS 42 45 45 
TO-15 Benzene 12 (3.2) µg/m3 <5.3 UJ <5.3 UJ <150  <13  Modified TO-15 SIM 0.13 J 0.12 J 0.12 J 
TO-15 Bromodichloromethane 2.5 µg/m3 <11  <11  <210  <18  Modified TO-15 FS <0.92 <0.92 <0.93 
TO-15 Bromomethane 170 µg/m3 <62  <62  <670  <57  Modified TO-15 FS <3.2 <3.2 <3.2 
TO-15 Chlorobenzene 1,700 µg/m3 <74  <74  <800  <68  Modified TO-15 FS <0.64 <0.64 <0.64 
TO-15 Chloroform 4.1 µg/m3 <8.1  <8.1  <130  <11  Modified TO-15 SIM 0.043 J 0.043 J 0.045 J 
TO-15 Ethylbenzene 37 µg/m3 <8.3  8.7 J <130  <11  Modified TO-15 SIM <0.048 0.063 J 0.048 J 
TO-15 m,p-Xylenes 3,500 c µg/m3 190 J 200 J <190  22 J Modified TO-15 SIM 0.55 0.99 0.74 
TO-15 Methyl ethyl ketone (2-butanone) 170,000 µg/m3 <59  <59  <510  <43  Modified TO-15 FS <2.4 <2.4 <2.4 

TO-15 Methyl isobutyl ketone 
(4-methyl-2-pentanone) 100,000 µg/m3 <66 <66 <880 <75 Modified TO-15 FS 2.1 2.2 2.0 

TO-15 Methylene chloride 2,000 (33) µg/m3 <56 <56 <600 <51 Modified TO-15 FS 0.56 J 0.72 J 0.49 J 
TO-15 Naphthalene 2.8 µg/m3 <65 <65 <490 <42     
TO-17 Naphthalene 2.8 µg/m3         
TO-15 o-Xylene 3,500 c µg/m3 <11 14 J <110 <9.7 Modified TO-15 SIM 0.055 J 0.17 J 0.17 J 

TO-15 Styrene 35,000 
(31,000) µg/m3 <68 <68 <740 <63 Modified TO-15 FS <0.59 <0.59 <0.59 

TO-15 Tetrachloroethene 360 (15) µg/m3 15 J <11 <290 37 J Modified TO-15 SIM 0.080 J 0.076 J 0.079 J 

TO-15 Toluene 170,000 
(10,000) µg/m3 5,800 5,500 980 J 870 Modified TO-15 FS 230 220 230 

TO-15 Trichloroethene 16 µg/m3 100 J 17 J 220 J 130 J Modified TO-15 SIM <0.059 <0.059 <0.060 

TO-15 Trichlorofluoromethane 620,000 
(430,000) µg/m3 <90 <90 <970 <83 Modified TO-15 FS 1.8 1.8 1.8 
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Table 5. Active Soil Gas Results for VOCs (continued) 
 

Location SWTSG-02B SWTSG-03 SWTSG-03 SWTSG-03 SWTSG-03 SWTSG-03 SWTSG-03 
Sample Name SG0041 SG0042 SG0058 SG0050 SG0051 SG0059 SG0060 

Sample Date 7/31/2017 8/1/2017 9/22/2017 8/1/2017 8/1/2017 9/22/2017 9/22/2017 
Sample Type N N N N FD N FD 

Parent Sample         SG0050   SG0059 
Dilution 1.99 1.99 1.94 1 1 1 1 

Enthalpy 
Analytic 
Method 

Analyte 
Soil Gas 

Screening 
Levela 

Units        

D1946-90 Helium  % <0.20 1.4 <0.19  -  -  -  - 
TO-15 1,1-Dichloroethene 7,000 (2,400) µg/m3 <0.065 <0.065 UJ <0.15  -  -  -  - 

TO-15 1,2,4-Trichlorobenzene 70 (13) µg/m3 <1.2 <1.2 UJ <1.2  -  -  -  - 

TO-15 1,2-Dichloroethane 3.6 µg/m3 <0.11 <0.11 UJ <0.13  -  -  -  - 
TO-15 1,3-Dichlorobenzene 100,000 µg/m3 <0.25 19 J 27  -  -  -  - 
TO-15 1,4-Dichlorobenzene 8.5 µg/m3 <0.25 0.50 J 0.35 J  -  -  -  - 
TO-15 Acetone 1,100,000 µg/m3 <0.47 UJ 19 J 5.7 J  -  -  -  - 
TO-15 Benzene 12 (3.2) µg/m3 <0.053 UJ <0.053 UJ <0.13  -  -  -  - 
TO-15 Bromodichloromethane 2.5 µg/m3 <0.11 <0.11 UJ <0.19  -  -  -  - 
TO-15 Bromomethane 170 µg/m3 <0.62 <0.62 UJ <0.60  -  -  -  - 
TO-15 Chlorobenzene 1,700 µg/m3 <0.73 <0.73 UJ <0.71  -  -  -  - 
TO-15 Chloroform 4.1 µg/m3 0.19 J 0.19 J 0.31 J  -  -  -  - 
TO-15 Ethylbenzene 37 µg/m3 0.11 J 0.095 J <0.12  -  -  -  - 
TO-15 m,p-Xylenes 3,500c µg/m3 0.41 J 0.22 J <0.17  -  -  -  - 
TO-15 Methyl ethyl ketone (2-butanone) 170,000 µg/m3 0.59 J 4.1 J 0.78 J  -  -  -  - 

TO-15 Methyl isobutyl ketone 
(4-methyl-2-pentanone) 100,000 µg/m3 <0.65 <0.65 UJ <0.79 - - - - 

TO-15 Methylene chloride 2,000 (33) µg/m3 <0.55 <0.55 UJ <0.54 - - - - 
TO-15 Naphthalene 2.8 µg/m3 <0.64 7.7 J <0.44 - - - - 
TO-17 Naphthalene 2.8 µg/m3    <0.77 UJ <0.77 UJ 1.4 1.3 
TO-15 o-Xylene 3,500c µg/m3 0.11 J <0.11 UJ <0.10 - - - - 

TO-15 Styrene 35,000 
(31,000) µg/m3 <0.68 <0.68 UJ <0.66 - - - - 

TO-15 Tetrachloroethene 360 (15) µg/m3 0.54 J 0.47 J 3.0 J - - - - 

TO-15 Toluene 170,000 
(10,000) µg/m3 0.46 J 0.32 J <0.15 - - - - 

TO-15 Trichloroethene 16 µg/m3 0.24 J 0.74 J 0.98 J - - - - 

TO-15 Trichlorofluoromethane 
620,000 

(430,000) µg/m3 1.9 J 2.8 J 3.5 J - - - - 

Notes:  
a From the Vapor Intrusion Evaluation Work Plan (DOE 2017). Values in parentheses are Modified DTSC SLs, included in response to a DTSC comment (Appendix A).  
b Modified TO-15 is an EPA TO-15 method used by Eurofins Air Toxics to obtain lower RLs than the standard method; some constituents are measured by GC/MS full scan (FS) and some by GC/MS with selective ion monitoring (SIM), as shown.  
c Screening level is for total xylenes.  
Bold indicates detection above soil gas screening level. For those constituents with detection(s) above the screening level, the screening level is also bold. 
Gray shading indicates follow-up sample results. 
The expression <n = not detected at or above the laboratory method detection limit of n concentration. 
 
Abbreviations: 
FB = field blank J = estimated value   UJ = not detected at estimated reporting limit  
FD = field duplicate µg/m3 = micrograms per cubic meter FR = field replicate   N = normal 
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Table 6. Evaluation of VOCs with Method Detection Limits Above SLs 
 

Constituent MDL/SL 
(µg/m3) Soil Gas Data Soil Data Groundwater Resampling Results 

and Conclusion 

Chloroform 8.1/4.1 

Passive: ND in surrounding PSV samples at  
6.3 UJ µg/m3 (closest sample) and 3.1 µg/m3 

(other nearby samples) 
 

Active: Detected at trace level (0.19 µg/m3) in deeper 
(SWTSG-02B) and nearby (SWTSG-03) soil gas wells; 
and at 0.31 J µg/m3 in follow-up SWTSG-03 sample 

Detected in 1 of 130 SWTs 
soil samples at trace 
concentration  
(0.15 J µg/kg); in soil 
sample collected <20 feet 
from SWTSG-02A 

ND in nearby ground-
water, except for trace 
concentrations (1 µg/L 
or less) detected in 
nearest downgradient 
well (UCD1-023) from 
1994 to 1998 

Detected at trace 
concentrations below 
the RL and 2 orders of 
magnitude below 
the SL 

1,2-DCA 11/3.6 

Active: ND in deeper (SWTSG-02B) and nearby 
(SWTSG-03) wells at 0.11 µg/m3 

 

Passive: ND in surrounding PSV samples at 
5.4 UJ µg/m3 (closest sample) and 2.7 µg/m3 
(other nearby samples) 

ND in the 130 SWTs 
soil samples 

ND in nearby 
groundwater 

Unlikely to be present 
above the SL, as 
confirmed by the 
resampling results 

Bromodichloro- 
methane 11/2.5 

Active: ND in deeper (SWTSG-02B) and nearby 
(SWTSG-03) wells at 0.11 µg/m3 

  

Passive: Not analyzed in PSV 

Detected in 1 of 130 SWTs 
soil samples at trace 
concentration  
(0.23 J µg/kg); in soil 
sample collected at surface 
and 130 feet from  
SWTSG-02A 

ND in nearby 
groundwater 

Unlikely to be present 
above the SL, as 
confirmed by the 
resampling results 

1,4-Dichloro-
benzene 15/8.5 

Passive: ND in surrounding PSV samples at 
1.6 UJ µg/m3 (closest sample) and 0.82 µg/m3 
(other nearby samples)  
 

Active: ND at 0.25 µg/m3 in deeper well (SWTSG-02B) 
and trace detections of 0.50 J µg/m3 and 0.35 J µg/m3 
in nearby well (SWTSG-03) 

ND in the 84 SWTs 
soil samples 

ND in nearby 
groundwater 

Unlikely to be present 
above the SL, as 
confirmed by the 
resampling results 

Naphthalene 42/2.8 

Passive: ND at 2.7 J µg/m3 in nearest (~15 feet) PSV; 
detected at 8.2 µg/m3 in PSV at SWTSG-03 location 
and at 1.5 µg/m3 at PSV location between SWTSG-02A 
and SWTSG-03 (~20 feet from SWTSG-02A) 
 

Active: ND in deeper (SWTSG-02B) well at 0.64 µg/m3; 
detected in nearby (SWTSG-03) well at 1.4 µg/m3 using 
preferred method (EPA Method TO-17) 

Detected in 1 of 96 SWTs 
soil samples at trace 
concentration  
(120 J µg/kg); in soil 
sample collected at 
14.5 feet bgs from vicinity 
of SWTSG-02A and 
SWTSG-03 

ND in nearby 
groundwater 

Unlikely to be present 
above the SL 

Abbreviations: 
µg/L = micrograms per liter  
ND = nondetect 
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Table 7. Comparison of Passive and Active Soil Gas Results for VOCs 
 

Sample Type Passive Active  Passive Active  Passive Active  Passive Active  Passive Active  Passive Active  Passive Active  
Sample Location PSV-27 SWTSG-03  PSV-34 SWTSG-02A  PSV-21 PSV-22 DSS3SG-01  PSV-05 RASRSG-02  PSV-06 RASRSG-01  PSV-16 RASRSG-03  PSV-18 DSS4SGSS-01  
Lateral Distance from 
Active Location (feet) <1   14   16 18   <1   12   6   ~25   

Sample Depth Interval 
(feet bgs) 2.5 to 3 5 to 6  2.5 to 3 4.5 to 6  2.5 to 3 2.5 to 3 5 to 6  2.5 to 3 5 to 6  2.5 to 3 10 to 11  2.5 to 3 5 to 6  2.5 to 3 Subslab  

Analyte   Ratio   Ratio    Ratio   Ratio   Ratio   Ratio   Ratio 
1,2-Dichloroethane  -  -   -  -   -  -  -  4.2 <0.12 0.029  -  -   -  -   -  -  

Acetone <19 UJ 19 J 1.0 28,000 J 37,000/38,000/1,300 0.9 <20 UJ <22 UJ 21 1.0 <20 14 0.7 <20 37 1.9  -  -  <20 15 1.3 

Benzene  -  -  17 J <13 0.8  -  -  -   -  -   -  -   -  -   -  -  

Ethylbenzene  -  -   -  -   -  -  -   -  -  2.6 0.22 J 0.085 3.3 <0.078 0.024 14 0.35 J 0.025 

m,p-Xylenes  -  -  28 J 190 J/200 J/22 J 4.9 3.7 11 3.1 J 0.42  -  -  12 0.81 J 0.068 10 <0.13 0.013 56 0.46 J 0.008 
2-Butanone 
(methyl ethyl ketone) 

 -  -  150 J <59/<59/<43 0.36  -  -  -   -  -   -  -   -  -   -  -  

4-Methyl-2-pentanone 
(methyl isobutyl ketone) 

 -  -  76 J <66/<66/<75 0.91  -  -  -   -  -   -  -   -  -   -  -  

Naphthalene 8.2 1.4/1.3 0.16  -  -   -  -  -   -  -   -  -   -  -   -  -  

o-Xylenes  -  -   -  -  1.8 4.5 1.0 J 0.32  -  -  5.6 0.28 J 0.050 4.7 <0.10 0.021 13 0.17 J 0.013 

Tetrachloroethene  -  -   -  -  <1.7 <1.8 6.6 3.8  -  -   -  -   -  -   -  -  

Toluene 2.3 0.32 J 0.14 4,300 J 5,800/5,500/870 0.9 <2.2 5.8 10 2.5  -  -  4 0.94 J 0.24  -  -  4.2 0.48 J 0.11 

Trichloroethene  -  -   -  -   -  -  -   -  -  <2.5 10 4.0  -  -   -  -  

1,3-Dichlorobenzene <0.85 27 22  -  -  <0.90 <0.96 17 18  -  -   -  -   -  -   -  -  
Notes: 
Passive and active soil gas results are in micrograms per cubic meter (µg/m3). 
Results are shown for constituents detected above the RL in either the active or passive samples from a given location collected between June and September 2017; only nonflagged results used when available. 
Ratio is that of active result to passive result (averages if multiple results available), assuming “J” and “UJ” results are accurate and that concentrations are equivalent to the #s for those shown as “<#”. 
The expression <n = not detected at or above the laboratory method detection limit of n concentration. 
 
Abbreviations: 
J = estimated value 
UJ = not detected at estimated value shown 
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4.2.3 Semivolatile Organic Compound Results and Interpretation 
 
As shown in Table 8, no SVOCs were detected in the DOE Areas soil gas and subslab gas 
samples. As indicated in Table 8, the RLs for the initial (August 2017) samples were below the 
SLs for all SVOCs except hexachlorobenzene and benzo[a]anthracene. While the RLs specified 
in the VI Work Plan (DOE 2017) were met for these constituents, the estimated MDLs provided 
by the laboratory were not as low as anticipated and more than an order of magnitude higher than 
the SLs for these two constituents.  
 
As specified in the VI Work Plan (DOE 2017), these samples were collected at 200 mL/min 
for 8 hours. As described in Section 3.4.2, follow-up samples were collected for SVOCs in 
September 2017 using higher flow rates to achieve lower RL/MDL values at the location where 
the highest concentration of these constituents was detected in soil (i.e., well DSS3SG-02).  
 
As shown in Table 8, no SVOCs were detected in these follow-up samples and all MDLs 
are below the SLs except for the MDL for hexachlorobenzene, which is of the same order of 
magnitude as the SL (lowest achievable MDL is 0.85 µg/m3; the SL is 0.2 µg/m3). Given that the 
DSS3SG-02 soil gas sampling interval was approximately 20 feet from the only location where 
hexachlorobenzene was detected in soil (J-flagged at 125 µg/kg), out of 24 soil samples from the 
DSS3 area and over 300 from other DOE Areas, these soil gas results indicate that 
hexachlorobenzene does not present a VI risk in the DOE Areas. 
 
Therefore, on the basis of the results of this investigation, SVOCs do not present a VI risk in the 
DOE Areas. 
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Table 8. Active Soil Gas Results for SVOCs  
 

Location FIELD BLANK FIELD BLANK DSS3SG-02 DSS3SG-02 DSS3SG-02 DSS4SGSS-01 DSS4SGSS-01 SWTSG-02A SWTSG-02B 
Sample Name FBDOE02 FBDOE08 SG0035 SG0054 SG0055 SGSS0006 SGSS0007 SG0040 SG0041 

Sample Date 8/3/2017 9/22/2017 8/2/2017 9/22/2017 9/22/2017 8/2/2017 8/2/2017 8/3/2017 8/3/2017 
Sample Type FB FB N N FD N FD N N 

Parent Sample         SG0054   SGSS0006-SVOC     
Dilution 1 1 1 1 1 1 1 1 1 

Analytic 
Method Analyte 

Soil Gas 
Screening 

Levela 
Units  

TO-13A 2-Chlorophenol 16,000 (700) µg/m3 <31  <3.2  <31  <3.2  <3.2  <31  <31  <32  <32  

TO-13A 2-Methylnaphthalene 14,000 (570) µg/m3 <1.1  <0.12  <1.1  <0.12  <0.12  <1.1  <1.1  <1.1  <1.1  

TO-13A Acenaphthene 210,000 (8,300) µg/m3 <1.5  <0.16  <1.5  <0.16  <0.16  <1.5  <1.5  <1.6  <1.6  

TO-13A Benzo[a]anthracene 0.31 µg/m3 <1.6  <0.17  <1.6  <0.17  <0.17  <1.6  <1.6  <1.7  <1.7  

TO-13A Benzo[b]fluoranthene 26 µg/m3 <1.7  <0.18  <1.7  <0.18  <0.18  <1.8  <1.8  <1.8  <1.8  

TO-13A Chrysene 380 µg/m3 <1.5  <0.16  <1.5  <0.16  <0.16  <1.5  <1.5  <1.6  <1.6  

TO-13A Dibenzofuran 4,000 (140) µg/m3 <1.3  <0.14  <1.3  <0.14  <0.14  <1.3  <1.3  <1.4  <1.4  

TO-13A Fluorene 160,000 (5,700) µg/m3 <2.2  <0.22  <2.2  <0.22  <0.22  <2.2  <2.2  <2.2  <2.2  

TO-13A Hexachlorobenzene 0.21 µg/m3 <8.3  <0.85  <8.3  <0.85  <0.85  <8.4  <8.4  <8.4  <8.4  

TO-13A Pyrene 160,000 (4,300) µg/m3 <2.4  <0.24  <2.4  <0.24  <0.24  <2.4  <2.4  <2.4  <2.4  
Notes: 
a From the Vapor Intrusion Evaluation Work Plan (DOE 2017). Values in parentheses are Modified DTSC SLs, included in response to a DTSC comment (Appendix A). 
The expression <n = not detected at or above the laboratory method detection limit of n concentration. 
Gray shading indicates follow-up sample results. 
 
Abbreviations: 
FB = field blank 
FD = field duplicate 
µg/m3 = micrograms per cubic meter 
N = normal 
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4.2.4 Pesticide and Polychlorinated Biphenyl Results and Interpretation 
 
As shown in Table 9, no PCBs (Aroclors) were detected in soil gas from the two locations 
sampled (DSS3SG-02 and SWTSG-01). The MDLs achieved by the laboratory were 0.33 or 
0.34 µg/m3, slightly higher than those presented in the VI Work Plan (0.12 µg/m3 for 
Aroclor 1254 and 0.125 µg/m3 for Aroclor 1260; DOE 2017) and the lowest SL (0.16 µg/m3 for 
both). Given that the DSS3SG-02 soil gas sampling interval was approximately 20 feet from the 
location of the highest PCBs detected in soil samples (Aroclor 1254 at 225 µg/kg in the primary 
and 282 µg/kg in the duplicate) and that PCBs were detected at much lower concentrations in the 
10 other soil samples from the immediate area and not at all in the nearly 600 remaining soil 
samples from DOE Areas, these soil gas results indicate that PCBs do not present a VI risk in the 
DOE Areas. 
 
As shown in Table 9, no pesticides were detected at three of the seven locations sampled and 
only trace concentrations below SLs were detected at three of the four other locations. The only 
pesticide concentrations above SLs were those detected for chlordane (technical) and heptachlor 
epoxide in soil gas from well RASRSG-03 (Figure 4). The heptachlor epoxide concentration was 
below the RL and, therefore, estimated and not substantially above its SL, 0.079 J µg/m3 in the 
primary sample and 0.086 J µg/m3 in the duplicate, compared with the 0.036 µg/m3 SL. The 
reported technical chlordane concentration was an order of magnitude higher than its SL  
(11 J µg/m3 [J flag in this case indicates the result exceeded the calibrated range and is therefore 
estimated] in both the primary and duplicate samples compared with the VI Work Plan SL of 
0.94 µg/m3 and the modified DTSC SL of 0.28 µg/m3). Several issues were identified related to 
these technical chlordane results: 

• Narrow calibration range: The quantifiable range was less than an order of magnitude, 
making it difficult to dilute the sample in such a way that the concentration could be 
accurately measured. As shown in Table 9, when the sample was diluted 10-fold, the 
results were below the MDL. 

• Uncertainties in quantification of a mixture: Technical chlordane is a mixture of the alpha 
and gamma chlordane isomers, chlordene isomers, heptachlor, nonachlor, and a number 
of other similar constituents. What is measured as technical chlordane can vary substantially 
based on initial composition and environmental degradation. According to the laboratory 
that performed these analyses (TestAmerica), even the supplied laboratory standards vary in 
composition. On top of this, the laboratory quantifies technical chlordane concentrations 
based on only the five largest gas chromatography peaks (the largest two of which are 
alpha and gamma chlordane). 

• Specific quantification concerns: The sum of alpha- and gamma-chlordane concentrations 
was 1.53 µg/m3 in the primary sample and 1.58 µg/m3 in the duplicate sample. These two 
isomers are assumed by EPA to make up 60% of technical chlordane (EPA 2017c); 
a TestAmerica representative indicated that its technical chlordane standard is typically 
approximately 30% alpha- + gamma-chlordane. The alpha- + gamma-chlordane 
concentrations detected in this sample are at most 14% of the concentration reported for 
technical chlordane, which is based on only the five largest peaks of the technical chlordane 
mixture (see above). These results suggest that the technical chlordane result may be 
overestimated. 

TestAmerica indicated it could employ measures to improve the calibration range for these 
analyses, thereby producing a more accurate quantification of chlordane in these samples. 
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Therefore, on September 22, 2017, well RASRSG-03 was resampled for pesticides following 
the procedures in Section 3.4.3, and the primary and duplicate samples (and field blank) were 
analyzed by TestAmerica. Although the calibration range was improved, the chlordane results 
were still J-flagged on the initial run. Therefore, to obtain accurate technical chlordane results 
for these samples, DOE requested that the laboratory concentrate the extract to obtain a lower 
reporting limit and recalibrate the instrument with a higher technical chlordane standard to 
ensure analysis within the calibrated range. Accurate and unqualified technical chlordane results 
were obtained by the laboratory for these samples upon reanalysis according to the requested 
approach. As shown in Table 9, the unqualified results for pesticides in these samples were 
3.9 µg/m3 in the primary sample and 4.3 µg/m3 in the duplicate. The alpha- + gamma-chlordane 
results for these samples were 0.88 and 0.94 µg/m3, respectively, or approximately 22% of the 
total chlordane results. 
 
Based on all the soil gas results for DOE Areas, pesticides are present at low concentrations in 
some areas; however, the only detections above SLs were of heptachlor epoxide and technical 
chlordane at one location and at variable concentrations within an order of magnitude of the SLs. 
Potential VI risks due to pesticides in DOE Areas are discussed in Section 5.0. 
 
4.2.5 Aldehyde and Ammonia Results and Interpretation 
 
Formaldehyde and benzaldehyde were detected in the DOE Area samples, but at trace levels 
below the RLs and at concentrations similar to those detected in the field blanks. Because of the 
field blank detections, the sample results were U-flagged and reported as not detected at 
1.410 µg/m3 (Table 10). This detection limit is below the SL for formaldehyde (7.2 µg/m3) and 
benzaldehyde (290,000 µg/m3 using the EPA toxicity factor and 93 µg/m3 using the DTSC 
toxicity factor). 
 
As shown in Table 10, ammonia was detected at 787 µg/m3 in the primary sample and 797 µg/m3 
in the duplicate sample from well RASRSG-01. These concentrations are below the SL of 
3500 µg/m3. 
 
Based on these results, aldehydes and ammonia do not present a VI risk in the DOE Areas. 
 



  

 
U.S. Department of Energy  LEHR Vapor Intrusion Evaluation Report 
July 2018  Doc. No. S17913 
 Page 55 

 
Table 9. Active Soil Gas Results for Pesticides and PCBs  

 
Location FIELD BLANK FIELD BLANK RASRSG-03 RASRSG-03 RASRSG-03 RASRSG-03 RASRSG-03 RASRSG-03 SWTSG-02A SWTSG-02B WDPSG-03 WDPSG-04 WDPSGSS-01 WDPSGSS-02 

Sample Name FBDOE01 FBDOE07 SG0034 SG0034 SG0049 SG0049 SG0052 SG0053 SG0040 SG0041 SG0046 SG0047 SGSS0004 SGSS0005 
Sample Date 8/1/2017 9/22/2017 7/31/2017 7/31/2017 7/31/2017 7/31/2017 9/22/2017 9/22/2017 8/2/2017 8/1/2017 8/2/2017 8/3/2017 8/1/2017 8/3/2017 
Sample Type FB FB N N FD FD N FD N N N N N N 

Parent Sample         SG0034-PEST SG0034-PEST   SG0052             
Dilution 1 1 1 10 1 10 1 1 1 1 1 1 1 1 

Analytic 
Method Analyte 

Soil Gas 
Screening 

Levela 
Units               

TO-10 4,4'-DDE 0.96 µg/m3 <0.028  <0.029  <0.029  <0.29  <0.029  <0.29  <0.029  <0.029  <0.029  <0.029  <0.029  <0.029  <0.029  <0.029  

TO-10 Alpha-BHC 1.7 µg/m3 <0.013  <0.013  <0.014  <0.14  <0.014  <0.14  <0.013  <0.013  <0.013  <0.013  <0.013  <0.014  <0.014  <0.014  

TO-10 Alpha-chlordane NE µg/m3 <0.013  <0.013  0.87  0.64 J 0.90  0.88 J 0.40  0.42  0.053 J <0.013  <0.013  <0.014  <0.014  0.11 J 

TO-10 Chlordane  0.94 (0.28) µg/m3 <2.5  <2.6  11 J <26  11 J <26  4.2 J 
3.9  

4.5 J 
4.3  <2.6  <2.6  <2.6  <2.6  <2.6  <2.6  

TO-10 Dieldrin 1.0 (0.02) µg/m3 <0.024  <0.025  <0.025  <0.25  <0.025  <0.25  <0.025  <0.025  <0.025  <0.025  <0.025  <0.025  <0.025  <0.025  

TO-10 Gamma-chlordane NE µg/m3 <0.038  <0.039  0.66  0.51 J 0.68  0.72 J 0.48  0.52  <0.039  <0.039  <0.039  <0.040  <0.040  0.086 J 

TO-10 Heptachlor 0.072 µg/m3 <0.017  <0.018  0.056 J <0.18  0.058 J <0.18  0.033 J 0.032 J <0.018  <0.017  <0.018  <0.018  <0.018  <0.018  

TO-10 Heptachlor epoxide 0.036 µg/m3 <0.016  <0.017  0.079 J <0.17  0.086 J <0.17  0.033 J <0.017  <0.017  <0.016  <0.017  <0.017  <0.017  <0.017  

TO-10 Gamma-BHC (lindane) 9.7 µg/m3 <0.015  <0.016  <0.016  <0.16  <0.016  <0.16  <0.016  <0.016  <0.016  <0.015  0.018 J <0.016  <0.016  <0.016  

TO-10 Methoxychlor 29,000 (700) µg/m3 <0.15  <0.16  <0.16  <1.6  <0.16  <1.6  <0.16  <0.16  <0.16  <0.15  <0.15  <0.16  <0.16  <0.16  

 
Location FIELD BLANK DSS3SG-02 DSS3SG-02 SWTSG-01 

Sample Name FBDOE01 SG0035 SG0036 SG0039 
Sample Date 8/1/2017 8/1/2017 8/1/2017 8/1/2017 
Sample Type FB N FD N 

Parent Sample     SG0035-PCB   
Dilution 1 1 1 1 

Analytic 
Method Analyte 

Soil Gas 
Screening 

Levela 
Units     

TO-10 Aroclor 1254 0.16 µg/m3 <0.33 <0.34 <0.34 <0.34 

TO-10 Aroclor 1260 0.16 µg/m3 <0.33 <0.34 <0.34 <0.34 
 

Notes: 
a From the Vapor Intrusion Evaluation Work Plan (DOE 2017). Values in parentheses are Modified DTSC SLs, included in response to a DTSC comment (Appendix A). 
Bold indicates detection above soil gas screening level. For those constituents with detection(s) above the screening level, the screening level is also bold. 
Gray shading indicates follow-up sample results.  
The expression <n = not detected at or above the laboratory method detection limit of n concentration. 
 
Abbreviations: 
FB = field blank 
FD = field duplicate 
J = estimated value  
N = normal 
NE = not established 
µg/m3 = micrograms per cubic meter 
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Table 10. Active Soil Gas Results for Aldehydes and Ammonia 
 

Location Field Blank Field Blank Field Blank Field Blank Field Blank 
Sample Name FBDOE03 FBDOE04 SG0039 SG0037 SG0038 

Sample Date 8/4/2017 8/4/2017 8/4/2017 8/4/2017 8/4/2017 
Sample Type FB FB N N FD 

Parent Sample -- -- -- -- SG0037-ALD 
Dilution 1 1 1 1 1 

Analyte Soil Screening 
Levela 

micrograms per cubic meter (µg/m3) 

Benzaldehyde 290,000 (93) 0.469 J 0.421 J <1.410 U <1.410 U <1.410 U 

Formaldehyde 7.2 0.620 J 1.230 J <1.410 U <1.410 U <1.410 U 

 
Location Field Blank RASRSG-01 RASRSG-01 

Sample Name FBDOE05 SG0043 SG0044 
Sample Date 8/4/2017 8/4/2017 8/4/2017 
Sample Type FB N FD 

Parent Sample -- -- SG0043-NH3 
Dilution 1 1 1 

Analyte Soil Screening 
Levela 

micrograms per cubic meter (µg/m3) 

Ammonia 3500 <87 787 797 
 

Notes: 
a From the Vapor Intrusion Evaluation Work Plan (DOE 2017). Value in parentheses is the Modified DTSC SL, 

included in response to a DTSC comment (Appendix A). 
Analytical methods: 
 Benzaldehyde and formaldehyde analyzed by EPA Method TO11A. 
 Ammonia analyzed by NIOSH Method 6106. 
The expression <n = not detected at or above the laboratory method detection limit of n concentration. 
 
Abbreviations: 
FB = field blank 
FD = field duplicate 
J = estimated value 
µg/m3 = micrograms per cubic meter 
U = not detected at the reporting limit 
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 5.0 Vapor Intrusion Risk Screening 
 
As described below, calculations of potential risks associated with vapor intrusion from 
VFCOPCs in DOE Areas were performed using tools and guidance consistent with the 
Comprehensive Environmental Response, Compensation, and Liability Act risk assessment 
guidance. Following these risk calculations (Appendix G), risk characterization was performed 
to determine the likelihood that these VFCOPCs would present a risk under potential future land-
use scenarios.  
 
5.1 Risk Calculation Methodology 
 
The following steps were followed to calculate potential cancer risk and non-cancer hazards due 
to VFCOPCs in indoor air under potential land-use scenarios for DOE Areas: 

[1] Establish exposure point concentrations. For the one sample location where one or more 
VFCOPC was detected above the VI Work Plan SL (DOE 2017), i.e., well RASRSG-03, 
these VFCOPCs plus any other VFCOPCs detected at that location were compiled 
(Table 11 and Table 12). Results that were not qualified for data quality issues were 
selected if available; if more than one result of equal data quality was available, the 
highest result was selected. 

[2] Calculate risks and hazards per constituent using default 0.03 attenuation factor. In 
response to EPA and DTSC comments (Appendix A), theoretical cancer risks and hazard 
indexes for both residential (Table 11) and worker (Table 12) scenarios associated with 
each of these VFCOPCs were first calculated using the VISL calculator, with the default 
EPA toxicity and hazard factors modified to DTSC-recommended factors when these 
were higher than the EPA factors. The VISL calculator assumes a soil gas-to-indoor air 
attenuation factor of 0.03. As discussed further in Section 5.3, this factor was derived 
from a database of paired subslab/soil gas and indoor air VOC measurements that were 
all from sites with groundwater as a vapor source (EPA 2012); therefore, it does not 
appear to be appropriate for location RASRSG-03, where vapor concentrations are 
attributed to localized pesticide detections in soil.  

[3] Calculate risks and hazards per constituent using the Johnson and Ettinger (J&E) model. 
For each of these VFCOPCs, the guidance Documentation for EPA’s Implementation of 
the Johnson and Ettinger Model to Evaluate Site Specific Vapor Intrusion into Buildings 
and associated Excel-based model (EPA 2017d) were used to calculate a theoretical 
cancer risk and hazard index for both residential (Table 11) and worker (Table 12) 
scenarios. For cases where the latest DTSC-recommended unit risk or hazard factors 
(DTSC 2018) were higher, these were also used for comparison. The depth of the soil gas 
source was set at the top of the sampling interval for the well (i.e., 5 feet bgs). The default 
soil type (sand) was assumed to be present from the source to the ground surface. The 
model default parameters for a theoretical slab-on-grade building were also used. 
Because there is considerable uncertainty about appropriate values for the ratio between 
vapor flow rate into the building and the building ventilation rate, the model provides risk 
and hazard ranges to account for this uncertainty. Model spreadsheets showing input 
parameters and output are presented as Appendix G.  

[4] Calculate cumulative risks and hazards. Theoretical total cumulative cancer risks and 
hazard indexes were calculated for the RASRSG-03 location by summing the risk and 
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 clearly meets these criteria with a vapor pressure of 69 mm Hg and Henry’s law constant of 

1 × 10–3 atm-m3/mol, the three pesticides of concern (chlordane, heptachlor epoxide, and 
heptachlor) have vapor pressures orders of magnitude below the criterion, at 1 × 10–5 to  
4 × 10–4 mm Hg, and Henry’s law constants much lower than that for TCE, ranging from  
2 × 10–5 to 3 × 10–4 atm-m3/mol (EPA 2017d). Therefore, these pesticides are more likely to 
condense from the vapor phase and partition from vapor into pore water as they move 
through the unsaturated zone. In addition, these pesticides have a much higher organic 
carbon–water partitioning factor than TCE (1 × 104 to 7 × 104 cubic centimeters per gram 
[cm3/g] for the pesticides compared with 6 × 101 cm3/g for TCE), indicating a much stronger 
tendency to be sorbed onto organic carbon as they move through the unsaturated zone. 
While still considered VFCOPCs by EPA, the attenuation factor for these pesticides would 
be expected to be much lower than that of TCE due to their physicochemical properties. 

• The VFCOPCs contributions to vapor are due to localized detections in soil (see Section 5.4) 
rather than groundwater. As described in Section 5.4, the RASRSG-03 sampling interval is 
approximately 3 feet from the location of the historical soil sample with the highest 
chlordane and other pesticide concentrations detected in the Ra/Sr Treatment System area. 
Two other soil samples within 35 feet to the east had similar but lower reported 
concentrations; all other soil samples from the area had much lower reported concentrations. 
Chlordane has never been detected in area groundwater. As described further in Section 5.4, 
the areal extent of the pesticide source is small (estimated at less than 1000 square feet) 
compared with the vapor intrusion database VOC groundwater plumes, which are typically 
many times larger. 

 
Because the default 0.03 attenuation factor is based on physicochemical conditions that are very 
different from those observed at the RASGSG-03 location, the EPA J&E model appears to be the 
best available tool for assessing potential risk. The J&E model includes built-in conservative 
assumptions for the RASRSG-03 area, including year-round negative building pressure, which is 
unlikely given the climate, and a source that extends throughout and beyond the building 
footprint and is continuous over the exposure period. The J&E model does not include any 
sorption to soil during unsaturated zone transport, which could be significant for these pesticides 
as discussed above. As described above and in Section 5.4, soil sample results indicate that the 
volume of soil impacted by chlordane in this area is small. To provide an additional line of 
evidence that the risks calculated using this model are reasonable, the sensitivity of this model to 
parameter uncertainty associated with the RASRSG-03 location was also evaluated as 
described below.  
 
Building parameters that have a substantial effect on the results of the J&E model include crack 
ratio, soil to building pressure differential, and indoor air exchange rate (EPA 2017d). Building 
pressure differential is the driving force for the vapor flow rate into buildings. The J&E model is 
inherently conservative in that it assumes a constant pressure differential and neglects periods of 
near-zero pressure differentials (e.g., during mild weather when windows are left open). 
Cold-weather stack and high-wind effects that drive pressure differentials in buildings are not 
expected to be substantial at the site due to mild weather in the Davis area. 
 
To account for these and other uncertainties associated with a theoretical building, the model 
provides a range of risk results (see Tables 11 and 12) that considers uncertainties associated 
with theoretical future buildings. The range is derived from the minimum and maximum values 
of the ratio between the vapor flow rate into the building and the building air exchange rate that 
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 is documented in the literature based on VOC concentrations measured in subslab gas and indoor 
air (EPA 2017d). As shown in Tables 11 and 12, the high end of the residential risk range is 
5.2 × 10–7. 
 
To evaluate the sensitivity of the model to soil parameters, additional modeling runs were 
conducted using site-specific parameters measured in two samples collected in the past 
(DOE 1997): (1) GEO1, which was described as a sandy gravel and was collected from 
approximately 10 feet bgs in the Ra/Sr Treatment Systems area, and (2) GEO6, which was 
described as a silty clay and was collected from approximately 10 feet bgs in the SWTs area. 
These two samples are the shallowest for which soil parameter data are available and bracket the 
range of parameter values observed. As shown in Appendix G, using these site-specific 
parameters in the model produced consistently lower risk and hazard results, indicating that the 
default sand parameters are sufficiently conservative for estimating Site risks. 
 
Uncertainty in exposure point concentration for the risk driver at location RASRSG-03 
(i.e., chlordane) is discussed in the risk characterization section below. The exposure point 
concentrations used for the lesser contributors to risk and hazards at this location (i.e., heptachlor 
epoxide and heptachlor) are J-flagged as estimated. Because the calculated risks and hazards 
associated with these constituents are approximately an order of magnitude below those for 
chlordane, the uncertainty in these concentrations is not expected to have a significant impact on 
the cumulative risk.  
 
5.4 Additional Risk Characterization 
 
To provide additional lines of evidence that the risks calculated with the J&E model are 
sufficiently conservative, this risk characterization step was performed on the constituent that 
contributed most of the calculated cancer risk or non-cancer hazard at location RASRSG-03 
(i.e., chlordane). The following criteria were considered: (1) reliability and representativeness of 
the data; (2) spatial distribution; and (3) chemical- or site-specific factors, if any, that could 
affect applicability of the model parameters used for the risk calculations. 
 
The results of this evaluation are presented in Table 13. As shown there and in Figure 7, the area 
of significant pesticide impact to soil is small. Only two soil samples had measured or estimated 
technical chlordane concentrations exceeding 1000 µg/kg: the sample located approximately 
3 feet from the well RASRSG-03 screen (estimated technical chlordane concentration of 
1600 µg/kg) and a sample from approximately 35 feet to the east of this location (estimated 
concentration of 1300 µg/kg). A third sample between these two had an estimated technical 
chlordane concentration of 700 µg/kg. These samples are all confirmation samples from the 
sidewall or base of the trenches excavated for the Ra/Sr Treatment Systems removal action and 
backfilled with clean fill (DOE 2002). A fourth confirmation sample from the northeast portion 
of the Ra/Sr Treatment Systems area had an estimated technical chlordane concentration of 
300 µg/kg, and three other samples had concentrations between 10 and 50 µg/kg; all other soil 
samples in the area had concentrations less than 10 µg/kg (Figure 7). Based on this, the soil gas 
concentrations measured at RASRSG-03 are expected to represent a localized maximum 
concentration for the area. 
 
The source of pesticides in this area is not known. Chlordane was used from 1960 to the early 
1970s for treating fleas in the dog pens and was also used and stored in the SWTs area 
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 (DOE 1988), but no record of it being used in the Animal Hospitals No. 1 and No. 2 (Figure 7) 
or associated Ra/Sr Treatment Systems area was found. Given that the Ra/Sr Treatment Systems 
area was used only for waste treatment, there is no reason to suspect chlordane would have been 
used in this area. Animal Hospitals No. 1 and No. 2 are constructed of concrete block with 
concrete floors (slab on grade), so the use of chlordane for termite control is unlikely, and no 
records of such use were found. Additionally, the distribution of chlordane in Ra/Sr Treatment 
Systems area soil suggests its association with the treatment system piping, as the higher 
concentrations were not consistently adjacent to the building walls and were in excavation 
confirmation samples for this piping. Possible explanations are that chlordane was included in 
the waste discharged to the piping and leaked into the subsurface from holes in the piping, or that 
chlordane was present in the materials used as pipe foundation, bedding, or backfill when the 
pipes were originally installed. No other constituents associated with the waste (i.e., 226Ra, 90Sr, 
and nitrate) were detected above background in the soil samples with higher chlordane, so piping 
leaks are not indicated. While no detailed information about construction of the treatment 
systems and associated piping is available, early reports indicate that the 90Sr treatment system 
and original leach field were constructed by 1960, while the 226Ra treatment system and 
replacement leach field for the 90Sr treatment system were installed in 1962 or later (AEC 1962). 
Nondetectable or trace (less than 30 µg/kg) concentrations of chlordane were found in 
confirmation soil samples associated with the original 90Sr treatment system (Figure 7), which 
was installed before or near the onset of chlordane use for flea control, while the higher 
concentrations were in confirmation samples for the 226Ra treatment system piping and 
replacement leach field for the 90Sr treatment system built after chlordane use began at LEHR. 
This suggests that the chlordane may have been present in materials from the Site that were used 
as pipe foundation, bedding, or backfill during installation. 
 
Regardless of source, the area of soil with pesticide concentrations that could present a potential 
vapor intrusion concern is small, and the concentration measured at RASRSG-03 was taken 
approximately 3 feet from the location where the highest soil concentration was detected. As 
described above, the use of chlordane for pest control in this area during LEHR operations is 
unlikely. On the basis of the risk characterization evaluation presented in Table 13 and discussed 
above, the actual cancer risk and non-cancer hazard to a future resident or commercial worker 
due to pesticides in soil gas in the well RASRSG-03 area is likely less than that calculated in 
Table 11 and Table 12. In addition to the conservative assumptions in the J&E model, this is also 
due to the limited extent of pesticides detected in the area. 



 

 

  
  U

.S. D
epartm

ent of Energy 
 

LEH
R

 V
apor Intrusion Evaluation R

eport 
July 2018 

 
D

oc. N
o. S17913 

 
Page 65 

Table 13. Risk Characterization for VFCOPCs Exceeding SLs 
 
Constituent 

and 
Location 

Criterion Specific 
Factor Description Conclusion for Risk Estimation 

Risk 
Management 

Decision 

Chlordane 
(technical) 

RASRSG-03 

Data 
reliability 

Quantification 
of chlordane 

Technical chlordane is a mixture of many compounds that may be 
present in different proportions depending on original formulation and 
alteration in the environment, and laboratory measurement is based on 
a variable standard with quantification of only the five largest peaks. 
The proportions of these peaks in these samples did not match those in 
the laboratory standard. 

Uncertainty in the composition of 
chlordane in the samples, in the 
laboratory standard, and in 
toxicological studies introduces 
uncertainty in the risk estimation. 
Toxicity values for technical chlordane 
and for alpha- + gamma-chlordane are 
not substantially different,a so this 
uncertainty may not substantially affect 
risk estimation. Risk 

acceptable; no 
further action 

Isomer 
results 

According to the laboratory, its standard is approximately 30% alpha- 
+ gamma-chlordane, but in these samples, it did not exceed 22% based 
on comparison of the sum of the isomer-specific results with the 
technical chlordane results. Historical soil sample results for the Ra/Sr 
Treatment System Area showed alpha- + gamma-chlordane at  
33%–42% of total chlordane.  

Spatial 
distribution 

Nearby 
sample 
results 

These soil gas samples were collected approximately 3 feet from the 
location of the historical soil sample with the highest chlordane and 
other pesticide concentrations detected in the Ra/Sr Treatment System 
area. Two other soil samples within 35 feet to the east had similar but 
lower reported concentrations; all other soil samples from the area had 
much lower reported concentrations (Figure 7). Chlordane has never 
been detected in groundwater in the area. 

Volume of soil gas potentially above 
the SL is localized, and maximum 
concentration is less than 1 order 
of magnitude above SL, so mass is 
small. Therefore, vapor intrusion and 
associated risk for theoretical 
scenarios likely lower than calculated. 

Site-
specific 
factors 

Land-use 
restrictions 

The recorded environmental covenant (Regents 2014) requires that UC 
Davis provide DOE access to this area should future remediation be 
required as a result of groundwater impact (Regents 2014).  

This covenant provides assurance that 
any future redevelopment plans for the 
area will take the residual 
contaminants into account. 

Note: 
a EPA Integrated Risk Information System inhalation unit risk (IUR) for technical chlordane is 1.04 × 10–4 m3/µg, and the California Office of Environmental Health Hazard  
  Assessment IUR for alpha- + gamma-chlordane is 3.4 × 10–4 m3/µg.
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 6.0 Conclusions and Recommendations 
 
The data collected for this evaluation meet the DQOs specified in the VI Work Plan (DOE 2017) 
and are adequate to conclude that VFCOPCs in the DOE Areas do not present an unacceptable 
risk under current or potential future land-use scenarios. Only one sampling location in the Ra/Sr 
Treatment System area had VFCOPC results that were confirmed to exceed SLs (for chlordane 
and heptachlor epoxide). The VI cancer risks for this location calculated with the EPA default 
soil gas to indoor air attenuation factor of 0.03 are within the 1 × 10–6 to 1 × 10–4 acceptable risk 
range, at 1.9 × 10–5 for the residential scenario and 4.3 × 10–6 for the commercial scenario; 
non-cancer hazards using this attenuation factor are below 1.0 for both scenarios. Based on 
modeled transport using the EPA J&E model, the calculated VI cancer risks fall below 1 × 10–6 
and non-cancer hazards fall below 1.0 for both residential and commercial scenarios. Additional 
factors, including nearby soil and groundwater data, support the conclusion that the pesticides in 
this area do not now and will not in the future present a VI risk. 
 
Therefore, the remedy for the DOE Areas at LEHR is protective in terms of the vapor intrusion 
exposure pathway. This determination will be presented in an addendum to the Five-Year 
Review (DOE 2016), and this report will be included as an attachment to that addendum to 
provide the basis.  
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